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The Libby Reservoir study is part of the Northwest Power
Planning Council's resident fish and wildlife program. The
program was mandated by the Northwest Power Planning Act of1980
and is responsible for mitigating damages to the fish and wildlife
resources caused by hydroelectric development in the Columbia
River Basin. The major goal of this and the Hungry Horse
Reservoir study is to quantify seasonal water levels needed to
maintain or enhance the reservoir fishery. This study began in
May, 1983, and the initial phase was completed in July, 1988.

The three study areas of Libby Reservoir are affected
differently by dam operation and reservir morphology. Relative
changes in water volume and surface area are greatest in the
Canada and Rexford areas and least in the Tenmile area. By
analyzing surface elevations, it is apparent that the reservoir
was drafted less rapidly during fall prior to 1984. Since 1984, a
greater percent of the annual drawdown has been shiftedtothe
fall prior to snowpack forecasts,
indrawdownmanagement.

leading to reduced flexibility

Oxygen and pH were not limiting for trout or salmon during
the study period. Reservoir morphology, hydraulics and dam
operation affect fish distribution by influencing temperature.
Optimum growth conditions for kokanee existed from May to November
in the Tenmile and Rexford areas and May through October in the
Canada area.

The highest area1 primary productivity rates were in the
Tenmile and Border stations in July. Light, turbidity and
temperature are the most important factors affecting primary
production in the reservoir.  A weak thermal structure, caused by
rapid replacement of water within the reservoir, turbid spring
inflows, and seasonal variations in incident solar radiation
influence production.

Densities of benthic invertebrates were negatively affected by
drawdown. Density significantly decreased from the permanently
wetted zone to the frequently dewatered zone. The shallow and mid
zones increased in density as water levels were raised. Dipterans
were the predominant benthic invertebrate in all zones, but
percentages decreased with depth in the reservoir.

The nearshore zone generally had greater densities and
biomasses of surface macroinvertebrates than did the limnetic
zone. The difference was not statistically significant due to
high variances caused by patchy distribution. Lower relative
densities of terrestrial insects in the Rexford area were
attributed to large expanses of barren ground between the
shorline vegetation and water that impeded terrestrial transport.
Higher relative aquatic invertebrate densities in the Rexford area
were attributed to largerr areas of productive shallow water and
substrate. Peaks in abundance were seasonal and related to
emergence patterns of insect types.
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Emergence of dipterans peaked from April through June.
Emergence as no./m2/wk was greatest in the occasionally dewatered
zone, followed by the frequently dewatered zone and the
permanently wetted zone. Highemergenceinthe shallow zone in
May could be due to transport of emerging pupae across zonal
boundaries by wind or waterr currents, recolonization by larvae, or
rapid emergence after reflooding the shallow zone during reservoir
refill. Higher densities of emerging insects in the mid and
shallow depths as compared to relatively low densities of benthic
insects may be explained by recolonization, sampling bias, or
greater productivity in shallow and mid zones than in deep zones.

The copepods Diaptomus and Cyclops madeupthe majority of
the zooplankton community. Daphnia abundances were generally
greatest in the Canada area and may be related to earlier summer
warmup, d-vertebrate predation and greater nutrient input
than in the other areas. Densities of Daphnia < 1.5 mm were
greatest and densities of Daphnia > 1.5 mm were least during years
of high kokanee densities, suggesting a size-selective feeding
behavior for kokanee. Greatest densities for all zooplankton
species were foundin the upper none meters of water during spring
and summer months, and maybe a response by the planktors to the
shallow euphotic zone caused by turbid spring inflows.

Floating and sinking gill net trend sampling since 1975
indicates an increase in kokanee, peamouth, yellow perch, and
northern sguawfish populations. We wed a trend for decreased
abundance in Oncorhynchus trout species, mountain whitefish, and
redside shiner, whereas the abundances of largescale and longnose
suckers, bull trout, and ling appeared to remain constant.
Vertical gill net catches in the lower two study areas of the
reservoir were dominated by kokanee; peamouth were dominant in the
Canada area.

Hydroacoustic estimation of kokanee densities suggest a
cyclic trend beginning in 1981 of a strong year class followed by
two weaker year classes. This fluctuation in numbers is
moderating but remains evident in the sampling. Densities of
kokanee during August were generally greatest at Peck Gulch and
least in the Canada area.

Analysis of otoliths and scales indicatedthatsize-at-age
for CXcorbvIXhus trout species was related to time of emigration
from their natal streams. Initial growth advantage realized by
younger migrants was negated by the fourth year in the reservoir.
Growth of kokanee was slowest when population densities of the
previous year's kokanee were high. Greatest growth of kokanee
corresponded with blooms of Daphnia. Bull trout exhibited
greatest growth in the first year of reservoir life. Results
differ from other studies and are possibly related to predation on
kokanee, chub, sucker, trout orsomeotheravailable food source.

Daphnia were the most important food source for kokanee,
mountain whitefish, peamouth chubs and largescale suckers during
all seasons. Daphnia were also important in the diet of two size
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classes of trout (< 330 mm and > 330 mm) in the winter and to a
lesser extent in the fall. Competition between these species for
Daphnia probably did not occur due to differences in size
selection of Daphnia, habitat utilization, relative abundance, and
consumptionofalternative food items. Both bull trout and burbot
fed predominantly on fish, although the majority of biomass
ingested by bull trout came from kokanee, largescale suckers and
trout species, while largescale suckers alone accounted for the
majority of biomass consumed by burbot. Further analysis will be
needed if recently introduced Kamloops rainbow trout become
established in the reservoir.

Catches of migratory trout in Young Creek between 1970 and
1987 reflect the effects of management activities, angler harvest,
and changes in the reservoir fish community over the period.
Captures w following the removal of passage barriers, and
increased again following the imprint planting of cutthroat fry in
Young Creek. With the cessation of planting in 1976 and the
decrease of cutthroat in the reservoir, captures in Young Creek
have continually declined.
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Libby Reservoir was created under an International Columbia
River Treaty between the United States and Canada for cooperative
water development of the Columbia River Basin (Columbia River
Treaty 1964). The authorized purpose of the dam is to provide
power (91.5%), flood control (8.3%), and navigation and other
benefits (0.2%).

The Pacific Northwest Power Act of 1980 recognizedpossible
conflicts stemming from hydroelectric projects in the northwest
and directed Bonneville Power Administration to "protect,
mitigate, and enhance fish and wildlife to the extent affected by
the development and operation of any hydroelectric project of the
Columbia River and its tributaries..." (4(h)(lO)(A)). Under the
Act, the Northwest Power Planning Council was created and
recommendations for a comprehensive fish and wildlife program were
solicited from the region's federal, state, and tribal fish and
wildlife agencies. Among Montana's recommendations was the
proposal that research be initiated to quantify acceptable
seasonal minimum pool elevations to maintain or enhance the
existing fisheries (Graham et al. 1982).

Reservoirs are best regarded as a distinct type of freshwater
ecosystem, differing from both streams and lakes (Baxter 1977).
Reservoir water level management is considered to be an important
tool for fisheries management (Willis 1986). Acknowledgement of
the value of water level management to maintain desirable
reservoir fisheries has resulted in a vast amount of research
literature (see bibliographies of Triplett et al. 1980, Ploskey
1982). However, ecological approaches to understanding and
predicting the potential impacts of hydrolelectric facilities are
relatively new (Magnuson 1979).

An inter-disciplinary team of experts met in 1980 to discuss
incorporating ecological issues in basin-level hydropower planning
(Hildebrand and Goss 1981). They concluded that the capability to
predict water-level changes was adequate but modeling of
biological effects was inadequate. In a national survey of
reservoir biologists to identify reservoir fishery research needs,
better knowledge of water quality/fish interactions and the
ability to predict impacts of reservoir drawdowns and/or water
level fluctuations were considered highest priorities for
necessary information (Hall 1985). Long-term data replicating
several management and recruitment events are needed to develop
these predictive models (Ploskey 1986).

Research began in May 1983 to determine how operations of
Libby dam impact the reservoir fishery and to suggest ways to
lessen these impacts. This study is unique in that it was
designed to accomplish its goal through detailed information
gathering on every trophic level in the reservoir system and
integration of this information into a quantitative computer
model. The specific study objectives are to:



1) Quantify available reservoir habitat,

2) Determine abundance, growth and distribution of fish
within the reservoir and potential recruitment of
salmonids from Libby Reservoir tributaries within the
united states,

3) Determine abundance and availability of food organisms
for fish in the reservoir,

4) Quantify fish use of available food items,

5) Develop relationships between reservoir drawdown and
reservoir habitat for fish and fish food organisms, and

6) Estimate impacts of reservoir operation on the reservoir
fishery.
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Libby Reservoir (Lake Koocanusa))was formed by impoundment of
the Kootenai River in March 1972. Libby Dam is located in
Lincoln County, northwest Montana, approximately 27 km (17 mi)
upstream from the town of Libby (Figure 1). The Montana portion
of the reservoir is bordered mainly by the Kootenai National
Forest. The majority of the private property is located near the
town of Rexford.

The land adjoining the Qnadian portion of the resewoiris
principally owned by private citizens. A notable exception to
this is the Kikomun Provincial Park which is located on the east
bank of the reservoir, 10 miles south of the town of Wardner,
British Columbia.

The Kootenai River is the second largest tributary of the
Columbia River, with an average annual discharge of 868 m3/s
(30,650 cfs). Libby Reservoir and its tributaries receive runoff
from 47 percent of the Kootenai River drainage basin. The
reservoir has an annual average inflow of 10,615 cfs and three
Canadian rivers, the Kootenai, Elk, and Bull, supply 87 percent of
the inflow (Woods 1982).

Cranbrook, Fernie, and Kimberly, in British Columbia, and
Eureka in Montana have contributed the major municipal point
sources of water pollution. Industrial point source pollution has
occurred from the Sullivan (Cominco Ltd.) lead/zinc mine and its
ore concentrator on Mark Creek, Crestbrook Forest Industries Ltd.
bleached kraft pulp mill at Skookumchuk, and a Cominco Ltd.
phosphate fertilizer plant, also on Mark Creek near Kimberly.

By 1981, these industries had taken major steps toward
pollution abatement with the installation of wastewater purifying
and recycling equipment. Also, after September 1987, Cominco Ltd.
closed the phosphate fertilizer plant; it is believed this will
significantly reduce phosphate loadings to the St. Mary River and
ultimately the Kootenai.

The drainage basin is located within the Northern Rocky
Mountain physiographic province, which is characterized by north
to northwest trending mountain ranges separated by straight
valleys parallel to the ranges (Woods and Falter 1982). These
mountains are composed of folded and faulted crystal blocks of
metamorphosed sedimentary rocks of the Precambrian Belt Series.

3
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At full pool, the reservior extends 145 km northward, with
68 km of its length located in

?i
itish Columbia.

and surface area are 7.24 km
Maximum volume

(Table 1).
and 188 km 2, respectively

Libby Dam is a 113-m (370~ft) high concrete gravity structure
with three types of 0utlets:three sluiceways, five operational
penstock intakes (eight possible), and a gated spillway. A
selective withdrawal system was installed at Libby Dam to allow
for withdrawal of water from the reservoir ranging from the
penstock invert (elevation 677 m or 2,222 ft) to within about 6 m
(20 ft) of the surface at full pool (Bonde and Bush 1982). This
system became operational in the spring of 1978. The dam crest is
931m long (3,055 ft) and the widths at the crestandbase are 16
m (54 ft) and 94 m (310 ft), respectively.

Libby Reservoir is a headwater storage project operated by the
Army Corps of Engineers (ACOE) as an integral part of the Columbia
River Basin hydroelectric network. Reservoir elevations are
managed primarily for power and flood control purposes (Storm et
al. 1982). The ACOE operates Libby Reservoir to reach full pool
in July, begins drafting the reservoir in September, reaches a
minimum pool elevation in March,
reservoir in spring

and begins refilling the

Seventeen species of fish are present in the impoundment
(Table 2).
fishery for

Libby Reservoir currently supports an important
kokanee (Oncorhynchus nerka), rainbow trout

(Oncorhynchusm~kiss)  and westslope cutthroat (Oncorhynchus
clarki) with annual fishing pressure over 500,000 hours (Chisholm
and Hamlin 1987). Burbot (Lota lota) and bull trout (Salvelinus- -
confluentus) are also important game fish, providing a significant
fishery during the winter and spring months.

5
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Table 1. Morphometric data for Libby Reservoir.

maximum pool
minimum operational pool
minimum pool(dead storage)

maximum pool
minimum operational pool

v01unE
maximum pool
minimum operational pool

Maximum length

Maximum depth

Mean depth

Shoreline length

Shoreline development

Storage ratio

Drainage area

Drainage area:surface area

Average annual discharge
pre-dam record (1911-1972)

post-dam record (1974-1986)

Surface elevation

6

749.5 m (2,459 ft)
697.1 m (2,287 ft)
671.2 m (2,222 ft)

188 sq. km (46,500 acres)
58.6 sq . km (14,487 acres)

7.24 lun3 (5,869,400  acre-ft)
1.10 km3 (890,000 acre-ft)

145 km (90 mi)

107 m (350 ft)

38 m (126 ft)

360 km (224 mi)

7.4 km (4.6 mi)

0.68 yr

23,271 sq. km (8,985 sq. mi)

124:l

12,170 cfs (Storm et al. 1982)
or 11,774 cfs (our data)

10,615 cfs



Table 2. Current relative abundance (A=abundant, C=common,
R=rare) and abundance trend from 1975 to 1987
(I=increasing, S=stable,
species P

Wing, U=unknown) of fish
resent in Libby Reservoir.

Common Name
Relative Abur&xe

Scientific name abwdance trend

Game fish species
Westslope cutthroat

trout
Rilinbow trout
Ekill trout
Brooktrout
Lake trout
Kokaneesalmon
Mountainwhitefish
Burbot
Largemouth bass
White sturgeon

Nongame fish species
wkinseed
Ye&d perch
Redside shiner
FEOtlOUth
Northern squawfish
Lary-lesucker
Lmgnose sucker

OnCXXhynchus clarkilewisiC

oncorhynchus mykiss
Salvelinus confluentus
!Talvelinus fontinalis
salvelinus  namaycush
Oncorhynchus nerka
pKx;opium wiliGiEoni
Lota lota- -
lWX@#xssalmoides
Acipenser transmontanus

Mylocheilus caurinus
Ptychccheilus  oregonensj
Catostcam~macrocheilus

A
C
R
R
A
C
C
R
R

R
C
R
A

.s A-
A

cam catostomus C

D

U
I
D
I
I
S
S

q Fivewhitesturgeonwererelocatedfrombelow~Damtothe
reservoir. At least one of these fish moved upriver out of
thereservoirandtwowerereportedcaughtbyanglers.

7
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Libby Reservoir has been divided into three areas for study
purposes by the Montana Department of Fish, Wildlife and Parks
(Huston et al. 1984, Chisholm and Fraley 1986). Segregation into
three geographic areas was based on reservoir morphometry, effects
of reservoir drawdown, and political boundaries (Figure 2).

The 'nearshore' or littoral zone was defined as that portion
of the reservoir within 100 m of the shoreline. The remaining
area of the reservoir was designated as the limnetic zone.

Contour maps of the area impounded by Libby Dam [(USACOE, File
Number E53-1-154, Sheets l-37, 1972 and British Columbia Ministry
of the Environment, Drawings M-249-C, Sheets l-63, 1969)] were
digitized to allow for computer access and storage. Each ten foot
contour interval wasentered for all reservoir maps from full pool
elevation (2,459 ft above mean sea level) to 2,190 ft, and 30 foot
contours wereentered from 2,190 ft to thee reservoir bottom. Water
surface area and volume were calculated using equations generated
from this data which mathematically defined a cubic spline
relationship between elevation and the variables.

Reservoir operation differentially affects the three study
areas of the reservoir-- a function of their basic morphology
and proximity to the dam (Figure 3). Annual vertical fluctuations
of up to 52.4 m (172 ft) occur, reducing total volume nearly 85
percent and mean depth by 51 percent.Drawdown to the minimum
~ti$x31pool reduces the length of reservoir by 53 percent (to

. the volume by 85 percent (to 1.08 km 3), and the
surface area by 69 percent (to 58.6 km 2). Relative changes in
water volume and surface area are greatest in the Canada and
Rexford areas and least in the Tenmile area. At full pool, the
Canada area comprises 38 percent of the total surface area, and a
100 - ft drawdown reduces the Canada area to less than 12 percent
of the total (Appendix A, Table Al). Conversely, the relative
percent of total surface area in the Rexford and Tenmile areas
increase from comprising 24.7 and 37.2 percent of the total at
full pool to 31.9 and 56.5 percent at a 100-ft drawdown,
respectively (Appendix A, Table Al). A graph of the relationship
of reservoir elevation to surface area and volume is provided in
Appendix A, Figures Al and A2. The mean depth of 38.1 m at full
pool is reduces to 8.6 m at 172-ft drawdown.

Reservoir drawdown has averaged 118 ft since 1974 (Table 3).
Full pool (2,459 ft above msl) was first reached in July 1974 and
the reservoir has attained that elevation 10 of the 14 years
since. Deepest drafts occurred in 1974 (153 ft), 1975 (172 ft),
and 1976 (152 ft), and in two oftheseyears (1974 and 1976) the

8
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Figure 2. Sampling stations, fish trap 'locations, and
principal tributaries of Libby Reservoir.
Inset delineates geographic study areas.
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Table 3. Lake-fill time (yrs.), hydraulic-residence time (yrs.),
maximum drawdown, number of days held at full pool, and
maximum reservoir elevation for Libby Reservoir by year from
1972 through 1987.

I974

I976

1981

0.14 0.17 o.cM 0.52 0.14 0.14 0.M 0.37
0.22 0.40 o.l.0 0.88 0.33 0.49 o.ll 1.29 230 70.3
0.28 0.61 0.03 1.28 0.29 0.33 0.13 0.67 l53 46.6
0.37 0.63 0.l.l 1.13 0.41 0.78 0.10 2.66 172 52.4
0.38 0.n 0.13 1.54 0.38 0.55 0.13 1.56 152 46.2
0.64 0.93 0.26 1.64 0.50 o.!B 0.24 1.42 loo 30.5
0.43 0.75 0.18 1.33 0.48 0.63 0.24 1.28 I29 39.3
0.66 1.08 0.22 1.78 0.62 0.97 0.22 2.06 95 28.9
0.52 0.94 0.17 1.47 0.58 0.78 0.29 2.w 106 32.3
0.33 0.89 0.12 1.n 0.41 033 0.23 1.29 IlO 33.5
0.46 0.84 0.11 1.53 0.46 0.49 0.24 0.89 ll7 35.7
0.50 0.81 0.13 1.96 023 0.61 0.22 1.9 Ill 33.8
0.61 1.02 0.16 1.78 0.56 0.74 0.25 1.53 89 27.1
0.55 0.86 0.13 1.36 0.54 0.80 0.19 1.% l.l7 35.7
0.47 0.n 0.16 1.13 0.47 0.64 0.21 1.38 1Q5 32.0
l.cJ7 0.62 0.16 l.77 0.63 0.85 0.35 l.% 101 30.8

l.l8 36.0

0 2417
66 2459
0 2454
53 2459
0 2414
26 2459
0 2451
34 2459
51 2459
56 2459
44 2459
17 2459
0 2450

43 2459
26 2459

41.6
29.7

11
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reservoir was refilled. The average time spent at full pool was
over one month (41.6 d); this figure does not include those years
wherefullpoolwasnotrea&ed. me mean elevation reached for a
non-refill year (post 1974) was 2,442 ft above msl or 17 ft below
full pool.

Ixlring the five years of this research project, the reservoir
inflow equaled annual outflow volume from Libby Dam, except in
1985 when the reservoir did not refill. Maximum inflow occurred
during May for all years from 1983 through 1987, whereas, in
general maximum outflow occurred during November (Appendix A,
Figures A3, A4). This annual pattern of inflow and outflow
produced large fluctuations in reservoir surface elevation
(Appendix A, Figure A5). Graphs of mean monthly outflow
temperature and dam withdrawal elevation for 1983 through 1987 are
also provided in Appendix A (Figures A6, A7). Withdrawal
elevation was generally 60 to 70 ft below the surface elevation of
the rese.?Yoir from May through November.

Management of fall outflows at Libby Reservoir has changed
since 1984. E%y comparing year-end reservoir surface elevations
before and after 1984, it is apparent that the reservoir is being
drafted to a greater depth at an earlier time. Mean reservoir
elevation for December 31 from 1973 to 1983 was 2,400.6 ft
(standard deviation = 15.2) versus 2,389.8 ft (standard
deviation=2.2)  for the years 1984 to 1987. A one-tailedt-test
confirmed that the later year elevations were statistically less
than those prior to 1984 (t=l.78, df=8.73, p=O.O34). Within the
operational limits of the reservoir (2,287 ft above msl), the
additional 10-ft drawdown by December 31 representsa13percent
reduction in available volume. Deeper draft before January is
likely to lead to reduced flexibility in drawdown management, as
these drafts are taking place before the first snowpack forecasts
are issued on January 1 of each year. The resulting power is
curre.ntlymarbMas surplus firmpower, whichdoesnotsupplant
thefirmpowercommittments.

Lake-fill and hydraulic residence are expressions of the
time it takes to refill a reservoir at a given inflow and how long
thewaterstays inthe reservoir at a given outflow, respectively.
Lake-fill (or retention) times are expressed mathematically as
volume (V) divided by inflow (I) and the expression for hydraulic
residence is volume/outflow (V/O) (Woods and Falter 1982).

Stra~kraba (1973) considered lake-fill (retention) time to be
a major key to understandirg reservoir limnology. Retention time
affects thermal structure (Straskraba 1973), water currents and
nutrients, and therefore the degree of eutrophy ( Dillon 1975) and
primary production in a reservoir (Diclunan 1969, Woods 1979, St.
John et al. 1976).

Lake-fill times are greatest in Libby Reservoirinthelate
summer months (when inflow is smallest and volume is the largest)
and minimum during runoff months (when inflow is large and
reservoir volume is relatively small following fallandwinter

12



drawdown). Hydraulic residence times in Libby Reservoir are
greatest during the winter/spring refill or the summer months
(when 0 is small or V is approaching capacity, respectively).
Minimum hydraulic residence times normally occur during the fall
and winter months, when dam outflow is at its maximum and the
volume has been reduced from drafting.

13

     



A permanent sampling buoy was placed within each area (an
established United States Geological Survey [USGS] buoy was used
in the Tenmile area) where water quality and zooplankton sampling
were conducted. In addition, eight to twelve transects were
establishedbetween recognizable landmarks in each area. These
transects were further subdivided into east, west, and mid
reservoir stations for random sampling.

Vertical layers of the water column were defined using
measurements of light penetration, water temperature, dissolved
oxygen, @-I, and comctivity  (umhos/cm). A Protomatic photometer
and a Martek Mark V digital water quality analyzer were used to
measure the above variables. Sampling was conducted in each
geographic area on a biweekly basis from May through October, and
monthly from November through April unless dewatering of boat
ramps or ice formation prohibited access (Table 4).

Martek samplinq was done using methods followed by the USGS
(Greeson et al. 1977). Water quality measurements were taken at
the surface, at one meter, at every two meters to 15 m, at every
three meters to 60 m, and at every five meters to 95 m or the
bottom. Laboratory calibration of the Martek was done prior to
field sampling following the manufacturer's  instructions. Water
samples were also taken with a VanDorn sampler at the surface,
11 m, and 21 m. A modified Winkler titration (APHA 1975) was used
to determine the dissolved oxygen (D.O.) content of these samples.
These D.O. values verified proper calibration of the Martek
meter. Incident light was recorded above the water's surface and
at one meter intervals to a depth of 30 m or until light intensity
was one percent or less of the incident light (defined as the
lower boundary of the euphotic zone [Talling 1962]). Secchi disk
readings were taken following the considerations presented by
Wetzel (1975).

Isopleths of temperature, pH, dissolved oxygen, and
conductivity were plotted for each sample station through time
using the USGS program STAMPEDE.

Oxygen and pH were not found to be limiting at any time in
Libby Reservoir, generally meeting all salmonid requirements as
reported in Piper et al. (1982). Dissolved oxygen ranged between
7 and 15 ppm in 1987 (Appendix B, Figures Bl through B3), and pH
ranged from 6.8 to 8.9 (Appendix B, Figures B4 through B6).
Generally those species that live in cold or cool waters of low
primary productivity do best at pH 6.5 to 9 (Piper et al. 1982).

Water temperatures ranged from l°C to 21°C in 1986, and from
l°C to 25°C in 1987. Maximum surface temperatures occurred in

14

  



Table 4. Limnologicalsampling  frequerkcyonLibbyFbservoirfrom
1983 thxqh 1987.

Months YW
Ye JanFebMarAprMayJunJulAqSepOctNovDec total

1983 - - - - - -112 2 11 8

1984 1112 2 2 3 2 2 2 11 20

1985 l--122222211 16

1986 l--122222211 16

1987 l-lllll-l-l- 8

Teals 4 1 2 5 7 710 7 9 8 5 4 68

15
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1ate July and August of both years. Optimum temperature range for
growth of kokanee salmon, currently the most sought-after fish in
the reservoir, is listed as 10-15°C by Piper et al. (1982).
Optimum growth conditions in terms of temperature occur from May
through November for the Tenmile and Rexford- and May through
October for the Canada area (Appendix B, Figures B7 through B9).
The greatest volume of water with these temperatures is generally
present from May through July.

Libby Reservoir did not thermally stratify to any degree
during 1986 or 1987, as evidenced by the wide spacing of isotherms
on the Tenmile, Rexford, and Canada graphs (Appendix B, Figures B7
through B9). The weak thermal structure of Libby Reservoir was
largely attributed to reservoir operation. Water movements in
reservoirs result from the interactions of reservoir operations,
basin morphology and climate, thermal stratification, and currents
(Woods and Falter 1982). In many reservoirs, the unsteady nature
of inflow and outflow currents (i.e. reservoir operation) is
largely responsible for continual water movement, and is strongly
related to water quality parameters such as temperature and oxygen
(Wunderlich 1971).

Euphotic zone depth averaged 10 m in 1986 and 8 m in 1987
(Table 5). lowest levels of light penetration occurred during
spring runoff; euphotic zone depth averaged 5 m in June of 1986
and 4 m in May of 1987. These low levels are due to turbidity
caused by large loads of suspended sediments carried into the
reservoir by the Kootenai River during spring runoff (Bonde and
Bush 1975); the effect is compounds by the low water volumes in
the spring resulting from the winter draft of the reservoir.
Deepest euphotic zone depths occur during the winter months in the
Tenmile area and during late winter and summer months in the
Rexford and Canada areas, respectively (Appendix B, Figures B10
through B12).
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Table 5. Mean euphotic zone depth (m) (top line) and secchi disk
depth (m) (bottom line) measured in Libby Reservoir,
July 1983 through December 1987. Sample size is in
parenthesis.

Monthly
Month 1983 1984 1985 1986 1987 means

-- (0)-- 12 (3)
--

12 (1)
3.3

12 (2)
3.8

-- (0) 10 (1) 4 (1)-- -- 2.8
-- (0)
--

-- (0)- 12 (2)
--

-- (0)- -- (0)
--

-- (0)-- 14 (4) 7 (3) 8 (2)
2.2 0.9

-- (0) 10 (4) 8 (4)-- -- 2.3
8 (5)
2.3

-- (0)-- 6 (4) 6 (6) 5 (5)
1.8 2.0

13 (2) 7 (7) 10 (6) 9 (6)
4.3 -- 3.8 3.6

11 (5)
3.9

10 (8) 12 (7) 12 (6)
6.0 5.8

13 (9) 13 (5) 12 (6) 13 (5)
6.2 -- 5.6 5.6

15 (7) 14 (6) 12 (6) 11 (7)
6.2 -- 5.6 5.6

12 (2) 10 (3) 11 (3)
-- -- 2.5

10 (2)
2.8

12 (2) 14 (2) 13 (1)
-- -- 3.2

8 (3)
3.3

13 11 10
Average 4.9 -- 3.8

10
4.0

12 (1) 12
3.1 3.5

-- (0) 7
-- 2.8

10 (2) 9
3 3

8 (2) 8
2.6 1.9

4 (3) 7
1.4 2.0

8 (3) 5
3.5 2.2

10 (3) 9
4.2 3.7

-- 11
-- 4.0

7 (3) 12
5.8 5.7

-- 13
5.8 5.7

4 (2) 10
3.0 2.8

-- 11
-- 3.2

8 10
3.5 3.6

Jan

Feb

Mar

A??r

May

Jun

Jul

Aug

Sep

Nov

Annual
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Primary production measurements were made at three-week
intervals from May to November, 1986, and then at four-week
intervals until April, 1987. Four stations within the reservoir
were monitored: Tenmile, Stonehill near Peck Gulch, International
Border, and Canada near Kikomun Provincial Park. Primary
productivity was measured using the light/dark bottle technique
and 14C radioisotope tracer (Wetzel and Likens 1979). This method
is particularily  applicable to slow moving or standing, low
prcductivity waters such as Libby Reservoir (Janzer et al. 1973).
For each station, water samples were collected at discrete depths
(surface, 1, 3, 5, 10, 15, 20, and25 m) and subsamples drawn off
&to one clear and one opaque bottle. These were inoculated with
C and then suspended at the collection depth and incubated for

three to seven hours near midday. The algae from each bottle was
then separated by filtration for analysis of 14Cuptake through
liquid scintillation counting. Total daily solar radiation was
measured by a pyronometer set and monitored at the Murray Springs
Fish Hatchery.

Rates were estimated us- the following general equation and

12c uptake = 14C uptake
------------- -------------

solving for 112c uptake': 12C available 14C available

where
4llC

l12C available' was estimated from alkalinity measurements,
vailable I was calcula rom the specific activity of the

NaH18 -IfCO3 stock solution and t C uptake' was measured by liquid
scintillation count- of the filtered algae.

Daily volumetric p-c&ion rates (mgC/m3/d) at each station
were calculated from the rates measured during the incubation
period by normalization to total daily light (total
langleys/langleys during the incubation period). Volumetric
rates for each depth sampled were then %-t&to give a water-
column or areal productivity rate (mgC/m /d).

Highest daily areal productivity rates were measured at the
Tenmile and Border stations but rates were highly variable between
sampling areas (Table 6). Direct statistical comparisons of
differences among stations were not performed because
photosynthetic activity is not constant throughout the light day
or euphotic zone, nor is it symmetrical with regard to midday
(Vollenweider  1965). Therefore, differences in the period of the
light day sampled preclude statistical tests between areas.
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Table 6. Primary productivity data collected from Libby Resewoir,
May 1986 through January 1987.
as daily area1 rates (mgC/m2/d).

The rates are expressed

Date
Primary productivity (mqC/mL/d)

Tenmile Pi&ham Border Canada

May 15

June 5

June 26

June 27

July 17

July 18

Aug 7

Aug 8

Aug 11

Aug 28

Aug 29

Sept 18

Sept 19

act 9

act 10

Dee 11

Jan 15

278.8 133.7 133.1

337.4 311.7 123.9

-- - -- 206.6

401.5 272.2

--

588.0

--

391.5

-

391.1

-

365.3

242.7

a-

--

505.0

--

488.6

-

-

-- -- 419.1

314.4

329.1

369.3 382.0 -

-- -- 264.2 225.2

449.6 308.2 -

-- - 168.2

308.5

88.1

189.1

316.1

63.9

--

--

180.8

--

85.6

-- -- --

--

--

288.5

--

19

. .I.. l.l____.-l _-- _- --.------_ “.._C_s___l__ _-___--.-“-_.--.~



Daily areal productivity rates were highest during July, with
measured productivity in 1986 ranging between 63.9 and 588.0 mg
C/m2/d (Table 7). This is similar to the production rates
measured from 1972 to 1980 reported by Woods (1982) as ranging
from 0.4 to 420 mg C/m2/d.

Monthly averages of observed secchi disk depth, surface water
temperature and month of the year explained 94 percen3 of the
variation in 1986 phytoplankton productivity rates (R =0.941;

F3 =15.94;
eupit

P=O.O239). Similarily, monthly averages of the
otic zone depth, surface water temperature and month of the

year also explained 24 percent of the variance in measured
productivity rates (R =0.939; F3 3=15.56; PO.0247). Within any
given area, the lowest daily areal primary production rates were
observed in December (Table 7). These results imply that the
overriding factors determining productivity in Libby Reservoir at
this time are light and temperature. Woods (1982) presented the
results of multiple regression analysis in which six variables
were used to predict daily arealprimary productivity in Libby
Reservoir from data gathered during 1972 to 1975. The relationship
developed explained 50 percent of the variance. Disparity with
our results may reflect the different techniques used, especially
with regard to integration of incident light during incubation of
samples, or may indicate a real change in the importance of
factors limiting photosynthetic activity on Libby Reservoir.

Woods (1979) concluded that the quantity of light received by
phytoplankton was the dominant influence on primary productivity
in the reservoir: however no one single environmental variable
fully accounted for the seasonal variations in primary
productivity. He identified three processes as having an effect
on the light availabletophytoplankton. First, a weakthermal
structure in the reservoir allowed phytoplankton to be circulated
out of the euphotic zone. The operational schedule of the
reservoir, in conjunction with large seasonal inflows, produced
the weakthermal structure. Second, thelargelyturbidinflows
during spring runoff substantially reduced euphotic zone depths.
Third, the amount of light available was largely dependent on
seasonal and meteorological variations in incident solar
radiation.

The extent to which nutrients determine phytoplankon
production in Libby Reservoir is not fully known. Woods and
Falter (1982) reported that nitrogen and phosphorous data taken
concurrently with area1 productivity did not appear to account for
the seasonal variations in productivity. During 1972 to 1980, the
reservoir was classifiable as eutrophic, based on Vollenweider's
(1975) nutrient load- model (Woods 1982). However, the average
daily area1 primary productivity during 1972 to 1980 characterized
its trophic state as oligotrophic. This discrepancy is
attributed to the failure of the nutrient loading model to
adeguately account for limnological processes within the resevoir
which affected the availability of influent nutrient loadings to
phytoplankton (Woods 1982).

20



Table 7. Mean monthly values of variables used in regression
analysis of daily areal primary productivity measured
in Libby Reservoir, 1986.

Productivity
Surface

Month (s%2/d) temp (OC)
Euphotic Secchi
zone (m) depth (m)

May 181.67 8.1 8 2.3

June 288.37 17.7 5 2.0

JOY 377.67 19.5 9 3.6

399.81 20.9 12 5.8

Sept 249.43 15.8 13 5.6

243.41 11.9 11 5.0

NOV 10 2.8

79.20 4.7 8 3.3
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Our techniquee assumes that all primary productivity is from
phytoplankton and that periphyton primary productivity was
minimal, which can generally be assumed in large, deep lakes
(Likens 1975). Calculations assume that photosynthetic activity
is constant through the day, which it&not, but does vary least
between the second and fourth light periods (Vollenweider  1965),
whaen our sampling was conducted. Also, the method used to measure
productivity quantified particulate organic carbon, not dissolved
organic carbon, which may be important at low phytoplankton

ZiiE%
rates (Harris 1986). Another potential bias inherent with
C light and dark bottle method is that the in situ

incubations create an artificial environment by isolating
phytoplankton from turbulence and circulation through light
pi-i. W&titi$mMr~2)beliwdthisbiaswas existent
-, .
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Data sets were analyzed using Statistical Package for Social
Sciences (SPSS, Nie et al. 1979) and Statgraphics (Statistical
Graphics corporation 1987) plotting routines. Parametric analysis
techniques were used whenever possible because these methods are
useful in summarizing the underlying structure of a body of data
(Andrews et al. 1971). Transformations to normalize data were
derived following the techniques presented by Taylor (1965).
Statistical significance for all tests was chosen as p < 0.05.

Three replicate dredge samples were collected from three
elevational strata in each area.
were classified as:

The three elevational strata
frequently  dewatered or shallow (between full

pool and the 2,369-foot contour), occasionally dewatered or mid
(between 2,368- and 2,287-foot contours), and permanently wetted
or deep (below the 2,287 foot contour).
collected in substrates exposed by drawdown.

Samples were not

Sampling was performed using a Peterson benthic dredge
eguipped with two auxillary weights and ventilation holes in the
top to minimize shock waves. The dredge has an empty weight of 93
pounds and a sampling area of one square foot. A hydraulic winch
spooled with l/4-inch aircraft cable lowered the dredge to sample
depths determined by sonar. Samples were transferred to sealable
buckets and brought back to the lab for analysis.

Benthic samples were wet-sieved using 5.6-, 0.85- and 0.52-mm
sieves. The material retained in the 0.52-mm sieve were brought
to the laboratory where all macroinvertebrates were picked from
the sample and identified to order or class (Diptera and
Oligocheatea). Samples were preservedd in a formalin preservative
prior to fall 1986 and in a 95 percent ethanol solution after fall
1986. The number of each order or class was recorded. Densities
were expressed as number per square meter of reservoir bed by
elevational  strata and geographic area.

As stated above, all ANOVA tests were performed by averaging
the three replicates for each sample aone and date and using a log
transformation to normalize the data.

A total of 635 benthic samples were collected between 1983 and
1987. forty-four percent of the samples were taken in the Tenmile
area, 42 percent in the Rexford area, and 14 percent were
collected in the Canada area. Sampling effort was evenly
distributed among the drawdown zones; the shallow zone comprised
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32.4 percent of the samples, the mid zone comprised 34.2 percent,
and the deep zone made up the remaining 33.4 percent.

Existing reservoir surface elevations on sampling dates ranged
between 2,350 ft msl and full pool (2,459 ftmsl). Samples
were collected from depths of 0.9 (3 ft) to 82 m (270 ft).

From 1983 to 1987, benthic invertebrate densities in the
shallow, mid and deep zones of Libby Reservoir averaged 178.7,
569.9, and 1,099.8 organisms/m2, respectively (Table 8). The
densities of dipterans in Libby Reservoir were slightly higher
thaninneartsy~Horse Reservoir (May 1988), which averaged
337 dipterans/m . When compared to North American reservoirs in
general, densities of dipterans in Libby Reservoir are low. For
example, Cowell and Hudson (1968) recorded 60,620 chironomids/m2
inLakeFram=isCase Reservoir in the Missouri River system.

Studies by Grimas (1961) on a Swedish lake, and Peterka (1972)
on a non-fluctuating reservoir in North Dakota, show that benthos
densities generally decline from the littoral to the profundal
zone. The reverse pattern of abundance existed in Libby Reservoir
during spring and fall (1984-1987),  as density of dipterans
declined from the profundal  to the littoral zone (Figure 4). Our
results are consistent with the findings of Kaster and Jacobi
(1978) in Big Eau Pleine Reservoir which also experiences water
level fluctuations.

The exact nature of drawdown effects on benthos in Libby
Reservoir is unclear. Grimas (1961) and Fillion (1967) found the
greatest abundance of benthos immediately below the drawdown
limit. Between 1983 and 1987, the drawdown limit in Libby
Reservoir varied by 8.5 m. In one year, 1983, the mid zone was
not even partially dewatered. The deep zone of Libby Reservoir,
in which there was no dewatering during the study period, probably
serves as a refuge for dipteran larvae during the period of
drawdown. Unexplained is why our data do not support a similar
role for the mid zone. In all years studied, the deep zone had
higher densities of dipterans in spring (March, April, May, June)
than the other two zones (Figure 5). During summer (July, August,
September) the mid zone had greater densities than the deep zone
(Figure 6). The reduced density in the deep zone from spring to
summer is probably the result of losses during the peak spring
emergence from the deep zone and dispersal of larvae from the deep
zone to the expanding mid and shallow zones as the reservoir
fills. Many dipteran larvae, especially early instars,
demonstrate positive phototropism which allows efficient
colonization of advancing water margins (McLacklan 1969, Oliver
1971).

The shallow and mid zones showed continuous increases from
spring through fall suggesting that those zones were being
colonized from the deep zone at a rate exceeding losses from
-=Fl- Since the seasonal abundance patterns in the shallow
and mid zones were so similar, they both seem to be strongly
influenced by colonization. Therefore, dipterans in Libby

24



Table 8. Benthic inverate mean densities for Libby Reservoir,
1983 through 1987.

l?izzl? Dip
F

Olig eta
Year Area N/m Variance F

N/m Variance

1983 TENCITE

REXFORD

1984 TENMILE

RExFmD

1985 TENMIm

REXFDRD

1986 TENMILE

shallcw 39.4 270.4 3.6
mid 157.7 4,320.l 7.2
deep 311.8 29,954.3 50.2
(NJ 9 9

Sh&lloW 125.5 9,292.l 3.6
mid 666.7 231.1 182.8
deep 2,132.6 1,626,936.4 276.0
PJ) 8 8

shallow 60.9 500.4 75.3
WI 3 3

shall0w 130.8 28,324.5 0.0
mid 473.1 178,296.l 159.5
deep 497.0 69,385.6 86.0
P-J) 27 27

shallow
mid
deep
PJ)

shallow 630.8
deep 659.5
W) 6

ShallCW 138.7
mid 574.6
deep 463.7
04 73

shalluw 51.1
mid 356.0
deep 438.3
(NJ 66

ShallaW 106.6
d=p 61.0
(NJ 18

shallow 180.2
mid 662.4
deep 667.3
(NJ 108

107.5 18,869.6
534.0 166,581.2

1,285.5 1,312,474.4
27

492,618.3
52,782.7

29,586.l
252,217.7
107,895.5

3,599.0
291,055.2
169,386.7

35,071.o
5,069.6

22,062.O
324,285.8
341,998.l

0.0
250.9
457.6
27

60.9
953.4

6

14.2
121.5
239.7
73

3.4
253.2
748.6
66

149.7
227.6
18

1.0
201.1
284.9
108

38.9
154.1

1,193.4

38.9
5,788.g
11,248.l

10,513.o

0.0
45,443.4
5,404.4

0.0
99,298.7
233,727.8

11,138.6
668,836.2

1,965.3
13,477.2
80,245.O

57.3
81,110.4
297,353.g

64,758.g
46,272.0

31.6
25,503.g
71,194.3
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Table 8 (continued).

Year Area
Olig eta

Variance 9
N/m Variance

REXFDRD shallow 251.6
mid 259.6
deep 687.5
W 101

CANADA shalluw 138.1
deep 133.6
0'0 45

1987 TENMILE shallc~~ 17.9
mid 223.9
deep 422.8
0-J) 54

RExFmD shalluw 19.7
mid 241.7
deep 671.1
(N) 54

- shallm 48.4
deep 59.2
(NJ 12

110,858.g
94,894.2
168,577.2

32,232.7
15,558.6

721.3
22,372.g
80,725.5

437.6
105,903.6
350,797.3

682.6
4,058.5

1.0
91.6

1‘393.3
101

123.2
388.2
45

.9
83.7

425.6
54

0.0
64.1

609.1
54

19.7
43.0
12

17.1
14,405.2

1,321,982.4

72,920.8
524,792.3

9.7
9,743.5

150,290.7

0.0
26,574.4

207,718.6

1,037.3
5,086.5
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Reservoir do not seem to concentrate near the drawdown limit as
dipterans in thee reservoirs studied by Grimas (1961) and Fillion
(1967). Identification of chironomid larvae to genus and species
groups as planned for 1989 may further elucidate the effects of
drawdown by zone.

Diptera constituted the predominant group in the benthic fauna
of each drawdown zone in Libby Reservoir. The shallow zone
contained the highest percentage of Diptera, comprising an average
of 84.17 percent of the total density for that zone, followed by
the mid drawdown zone which averaged 73.99 percent, and the deep
zone which averaged 53.81 percent. Total number of Diptera
encountered in the samples ranged from zeroto organisms with
an overall mean of 34.2 per sample. Total number of Oligochaeta
in our samples ranged from zero to 941 organisms, buttheoverall
mean was 23.1per sample. An overall average of 69.9 percent of
all benthic invertebrates sampled were Diptera.

Overall benthic densitie svaried among the study areas of the
reservoir, and were related to the drawdown zone and the class of
organism. In the frequently dewatered or shallow zone, density of
Oligochaeta for 1983 through 1987 was statistically different
(F2 30=16.51, p<O.OOOl). Multiple comparisons (SNK) indicated
that Canada bad a statistically higher mean density of Oligochaeta
than the other areas of the reservoir. These conditions did not
exist between the Rexford and Tenmile areas.

Maintenance of the higher densities of Oligochaeta in
dewatered drawdown zones can occur by the organism remaining in
the substrate or by rapid recolonization of Oligochaeta in early
summer when the zone is inundated. Recolonization is dependent on
the nature of the substrate (Kaster and Jacobi 1978), and possible
substrate differences (particle size, slope, proximity to water)
between Canada (whichremainsthe most riverine) and the other two
areas may account for thevarying abundance of Oligochaeta. In
Big Eau Pleine Reservoir, Wisconsin, benthos recolonized more
rapidly and were of greater density in substrates containing large
amounts of detritus or organic matter than in sandy substrates
(Kaster and Jacobi 1978).

Greater nutrient levels in the Canada area relative to the
TenmileandRexford- may also explain the increased abundance
of Oligochaetes in Canada. Dominance of oligochaetes in the
macrobenthos is typical of eutrophic waters (Beeton 1961, Thut
1969). Oligochaetes generally increase in dominance in the
benthos during the processs of eutrophication (Wetzel 1975).

In the occasionally dewatered or mid zone of the reservoir,
benthic densities varied between the Tenmile and Rexford areas.
(The Canada area was not deep enough to have a mid zone-- 91- to
172-foot drawdown.) Overall benthic invertebrate density was
significantly greater in the Tenmile area (F167=5.327, p=O.O24).
Greater numbers of Diptera accounted fol! the statistical
significance (FI,66'7.905, p=O.O065); mean density of Diptera
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(replicates averaged) in the Tenmile area was 386.6/m2 versus
188.1/m2 in the Rexford area.

The permanently wetted or deep zone in the Rexford area
contained a higher density of Diptera and Oligochaeta than the
other two areas. M-density (replicates averaged) of Diptera in
the Rexford area for 1983 through 1987 was 482.3 per square meter.
This value is significantly greater than those found in the Canada
area, but not in Tenmile.

In the permanently wetted zone, Student-Neuman-Keuls multiple
range test indicated that Oligochaeta densities were significantly
greater in the Rexford area than in the Tenmile and Canada areas.
(F2,74=14.434, p~0.0001).

Macroinvertebrates  on the surface of the reservoir were
sampled using a tapered net constructed of 3.17-mm mesh near the
mouth and 1.59-mm mesh in the midsection that tapered to a 100-mm
diameter collar. The mouth of the net was rectangular 1.0 m wide
by 0.3 m high. A removable plastic bucket with a panel of 80-
micronnitex netting was attached to the collar at the end of the
net. The net was towed so that it sampled a l-m swath of the
reservoir's surface.

T h r e e  sites were sampled biweekly or monthly. Sample sites
were selected randomly using established transects as starting
points. Each sample site consisted of two sampling runs, one
nearshore (less than 100 m from shore) and one limnetic (greater
than 100 m from shore). Nearshore tows were made in a zig-zag
pattern along shore while limnetic tows were made in a direction
angling away from shore.

Initially, surface tows were made by towing the net for ten
minutes at a constant speed of 1.0 m/set. After July, 1985, this
method was simplified by the use of a digital knotlog (Signet,
Model MK 267). This instrument accurately measured
distance of 600 m.

the sampling

All macroinvertebrates were removed from the bucket and net
after each tow and placed in a labeled vial containing a formalin
preservative (prior to fall 1986) or in a 95 percent ethanol
solution (after fall 1986. Macroinvertebrates in each sample were
identified to order and counted in the laboratory. Blotted wet
weights were measured in grams. Densities and biomasses of
surface macroinvertebrates  were expressed as number per hectare
and grams per hectare, respectively.
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Surface insect tows were performed between 1983 and 1987.
There appeared to be very little consistency in insect densities
among years or distance from shore, and variances were very high
(Table 9). A maximum density of over 1,950 terrestrial
invertebrates per hectare was attained in the nearshore zone of
the Tenmile area in 1985, a more than 140-fold increase over the
minimum value recorded in the nearshore zone of the Rexford area
in 1983.

The yearly trend of surface invertebrate densitieswasupward
ecreasewas experienced in1986 and thenz?g85* A - d.

  creased again in 1987. This was true for the Tenmile
and Rexford areas; conversely, the densities in Canada were
relatively high in 1983 and tended to decrease except in 1986 when
numbers increased. Water levels were similar in 1986 to other
years so there is no obvious explanation for the difference.

Aquatic insect densities were generallyy lower than those of
terrestrial invertebrates but followed the same trends. Densities
ranged from a low of 6.4/ha in 1983 in the nearshore zone of the
Rexford area to a high of greater than 200/ha in the nearshore
zone of the Canada area in 1987. The lower number of dipterans
caught does not parallel the numbers that were seen on emergence
traps. This differencee may be due to difficulty of capture. The
small size of some dipterans (Merrit and Cummins 1984; Oliver
1971) and their habit of generally emerging in darkness and flying
immediately upon emergence (M&ie 1959) may allow the dipterans
to escape w the mesh or avoid capture.

Yearly trends in density for aquatic invertebrates were
similar to those of the terrestrials. The densities of aquatic
invertebrates in the Tenmile and Rexford areas mirrored the
terrestrials during the study period, showing increases through
1985 followed by a large decrease in 1986 and an increase through
1987. The density of terrestrial and aquatic invertebrates
decreased in the Canada area from 1983 to 1984, but increased from
1985to 1987.

The densities of macroinvertebrates captured in the nearshore
zone were not consistent with those in the limnetic zone.
Although the highest number of terrestrials were generally
captured near shore, variances were so high that the difference
was not statistically significant (F1 780 = 0.2290, p = .6324),
and in several instances, higher den&ties were found in the
limnetic zone (Table 9). Wind, water currents, and wave action
are the likelyy reasons for the density differences between the two
zones.

A pattern appeared when densities of invertebrates were
compared among areas. It was found that terrestrial numbers were
generally lower and aquatic numbers were generally higher in the
Rexford area than in the Tenmile area. This was true on both a
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Table 9. Mean densities of surface invert&rate for Libby Reservoir,
1983 through 1987.

Nearshore Terrestrial
Year Area or Limnetic m-/ha Variance

1983 Tenmile Nearshore 4 7 . 9
Ihnetic 158.5
(N) 30

Rexford Nearshore 13.9
Limnetic 40.0
(NJ 24

Canada Nmrshore 227.0
Limnetic 29.8
(N) 17

1984 Tenmile Nearshore 229.2
114.1
82

Limetic
WI

Rexford Near-shore 94.5
Limnetic 95.3
W) 82

Canada Nearshore 73.9
Limnetic 73.9
W 52

1985 Tenmile Nearshore 1958.8
Gmnetic 1219.9
(N) 76

Rexford N - o r e  184.5
Limnetic 189.0
(N) 74

Canada Nearshore 95.7
Limnetic 69.1
OJ) 60

1986 Tenmile Nearshore 60.6
Limnetic 51.2
W 88

Rexford Nearshore 84.0
Limnetic 32.1
W 90

Canada Nearshore 179.9
Limxztic 386.9
(NJ 54

1987 Tenmile Nmrshore 765.5
Limnetic 429.4
WI 36

Rexford Nearshore 122.7
Limnetic 68.8
(N) 36

Canada Nearshore 321.0
Limnetic 49.4
0'4 18

4294.2
186330.3

241.1
1973.7

296361.1
2462.2

256183.9
114143.1

46097.0
91361.9

9537.0
16789.8

74044304.2
28544442.8

138104.1
151679.2

28799.6
19928.7

16605.8
28616.4

51913.8
2199.6

480142.5
3570524.4

4567614.7
579915.1

34457.5
8458.8

636969.2
5686.3

9.3
10.9
30

1:::
24

62.6
15.7

1 7

54.3
52.0
82

80.0
158.6
82

29.2
18.3
52

145.1
64.6
76

167.8
114.2
74

42.0
38.6
60

59.5
32.1
88

73.4
68.5
90

70.0
59.4
54

141.1
138.5
36

140.3
85.6
36

201.1
51.1
18

253.4
184.2

90.1
260.7

9969.7
543.5

10181.9
30139.5

42940.3
241182.3

1323.8
543.7

89467.2
27258.7

380333.6
107471.7

3135.8
7833.8

20476.0
11200.8

83792.3
64725.8

23243.7
27163.9

42079.1
73500.5

107314.1
16789.8

118552.4
6905.9
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yearly and monthly basis (Table 9 and Appendix C, Tables Cl -
C18).

A possible reason for the Tenmile area containing higher
numbers of terrestrial invertebrates involves the morphology of
the reservoir. The banks of the Tenmile area are generally narrow
and steep. In contrast, much of the Rexford area is wider and
shallower than the Tenmile area, and contains large areas of bays
and shallow water. Therefore, when reservoir levels are lowered,
large expanses of barren ground are exposed, increasing the
distance from water to shoreline vegetation. Norlin (1967)
suggested that barren ground facilitates rising thermal air
currents that impede trasport of airborn insects over a body of
water The effect in the Tenmile area wouldnotbe as pronounced
since there is less barren ground and the vegetation is closer to
the water.

The reason for greater aquatic invert&rate densities in the
Rexford area is likely two-fold. First, the substrate composition
in the Rexford area may be more conducive to dipteran production,
which is consistent with results of the benthic sampling.
Densities of dipteran larvae are greater in the permanently wetted
zone of the Rexford area than in any Tenmile zone. Secondly, at
full pool and during drawdown there remains large areas of
relatively shallow water in the Rexford area. This leads to a
greater amount of bottom that is euphotic, and hence more
productive. Welch et al. (1988) found that dipteran emergence
increased with -primary production. Reservoir morphology
in the Tenmile area lacks the positive components for dipteran
productionthatarepresen t in the Rexford area.

All areas were similar with respect to types of invertebrates
caught and monthly patterns of capture. The density of individual
invertebrate types, in decreasing order, were Hymenoptera, aquatic
Diptera, Homoptera, Coleoptera, Hemiptera, and Arachnida.

When viewed monthly, major peaks in densities did not coincide
for terrestrials and aquatics. In general, terrestrials remained
at relatively low densities through July and then peaked abruptly
in August. After August, numbers decreased again but remained at
higher levels than months previous to July (Figure 7). Aquatic
invertebrate densities peaked in April and May and then to a
lesser extent again in August (Figure 8).

Individual invertebrate types varied among months. Aquatic
dipterans peaked earliest. They comprised approximately 55 and 65
percent of the total invertebrate drift in April and May,
respectively. Surface deposition of Coleoptera was greatest in
early summer, peaking in June and comprising about 31 percent of
the total input. Input of Hymenoptera (primarily ants) was
greatest in August when they comprised almost 45 percent of the
total input of surface film invertebrates. Hemiptera and to a
lesser extent Arachnida were important from September through
November. Homoptera (mostly leafhoppers) were consistently
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important from July through November, comprising about 3O percent
of the total input of invertebrates for those months.

Biomass of surface invertebrates followed the same trends as
those shown for density (Table 10 and Appendix C, Tables Cl9 -
C36). Tenmile tended to have the greatest terrestrial biomass
while Rexford had the greatest aquatic biomass. Terrestrial
biomass was greater than 61 percent of total biomass for all
months except April and May (56 percent and 43 percent,
respectively) and was as high as 98 percent. Two peaks in biomass
occurred (Appendix C, Tables Cl9 - C36). One occurred in April
and May and was fueled by the large Coleoptera that were captured.
The second peak was seen in August and contained the Hymenoptera
thatwasdi- earlier.
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Table 10. Mean biomasses of surface invertebrates for Libby
Reservoir, 1983 thruqh 1987.

Nearshore
Year Area or Limnetic TezTestrial Variance T$ZEcg/ha Variance

1983 Tenmile

Rexford

Canada  Nearshore
Limnetic
(NJ

0.821
0.396

17

1984 Temile Nearshore 1.155
Limnetic 0.596
O'J) 82

Rexford Nearshore 0.610
Limnetic 0.351
OJ) 82

Canada Nearshore 0.592
Limnetic 0.266
(N) 52

1985 Tenmile Nearshore 5.199
Lixmetic 3.548
(N) 76

Rexford Near-shore 1.123
Limnetic 0.760
W) 74

Canada Nearshore 0.480
Limnetic 0.203
WI 60

1986 Tenmile Narshore 0.832
Limnetic 0.666
U-J) 88

ReXfOti Nearshore 2.146
Limnetic 0.952
W 45

Canada Nearshore 0.420
Limnetic 0.411
(N) 54

1987 Tkrmxile Narshore 3.896
Limnetic 3.365
0-J) 36

Rexford

Canada

Nearshore 0.728
Limnetic 0.357
(N) 36

Nearshore 1.364
Limnetic 0.441
PJ) 18

Narshore 1.480
Limnetic 0.662
WI 30

N - o r e  0.206
Limnetic 1.132
WI 24

26.246
1.874

0.210
7.973

0.925
0.504

5.712
1.757

1.274
0.813

0.898
0.336

188.003
133.909

3.804
1.056

0.556
0.107

2.758
7.547

45.579 0.142 0.204
0.102 0.159 0.014

0.822
1.639

41.472
71.319

1.466
0.283

3.562
0.845

0.033
0.043

30

0.002
0.034

24

0.456
0.326

17

0.284
0.276

82

0.209
0.598

82

0.362
0.093

52

0.316
0.124

76

0.791
0.341

74

0.226
0.062

60

0.122
0.039

88

0.069
0.093

54

0.072
0.054

36

0.189
0.137

36

0.057
0.016

18

0.004
0.016

0.000
0.007

0.924
0.855

0.618
0.860

0.355
3.777

0.402
0.042

0.330
0.098

5.938
1.208

0.697
0.014

0.074
0.017

0.066
0.120

0.011
0.013

0.236
0.065

0.009
0.001
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Insect emergence was determined at the Tenmile area of Libby
Reservoir. Four replicate samples were collected weekly when
possible for each of the three determined elevational strata
(frequently dewatered  or shallow,
and permanently wetted or deep).

occasionally dewatered or mid,

Sampling was accomplished using a l-m square emergence trap
(Figure 9) constructed of l/16-inch acrylic (May et al. 1988).
Floatation of the trap was accomplished with styrofoam strips that
were fastened to the bottom of the trap. Four traps were
permanently anchored at each strata and rope was added or removed
topreventthem from sinking or floating intoanadjacentstratum
as water levels raised or dropped.

Vents were cut into the sides of the trap and the catch basin
to reduce condensation that might impede movement of an emerging
insect. The holes were covered with 120-um cloth to prevent
escape of the insects. Automotive antifreeze was used as a
preservative for the traps in the field to preven dessication
during the hot months and freezing during the cold months. Each
week all traps were checked and their contents removed.
were then placed in a formalin preservative

Samples
(prior to fall 1986)

or in a 95 percent ethanol solution (after fall 1986) and
transferred to the lab for analysis.

Samples were separated by order (Diptera, other) in the lab
and their numbers and dry weights recorded for each of the strata.
Densities were expressed as number per square meter and weights as
grams per square meter of reservoir by elevational  area.

Results and Discussion

Dipteran emergence was sampled between June and December,
1986, and between April and October, 1987. Emerging insects were
almost exclusively dipterans; other types of invertebrates were
identified in only two of the 376 samples. Energence of dipterans
differed by year, by drawdown zone, and by season.

In both years, the shallow and mid zones had considerably
higher densities and total numbers of emerging insects than did
the deep zone (Table 11). In21986, the highest density was found
in tQe shallow zone (18/m /wl$, followed by the mid zone
(11/m /wk) and the deep zone (3/m /wk). In 1987, the mid zone had
the highest d  followed by the shallow zone and the deep zone
(68, 52 and 34/m /wk, respectively). Statistical comparison of
total yearly densities or numbers between1986 and 1987 was not
attempted because of the differences in sampling times.

The monthly trends in emergence were fairly similar between
years (Table 12). In 1986, peak emergence was in June in the
shallow and mid zones with the mid zone having the greatest
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Figure 9. Emergence trap. From May et al. 1988.
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Table 11. Mean density (no./m2/wk.) and total number of emerging
insects by year and zone in the Tenmile area of Libby
Reservoir, June through December, 1986, and April
through October, 1987.

1986 1987
Den&y
no./mT Total i$$F Total

Zone week number 0 zone week n-r (N)

Shallow 18 1390 77 Shallow 52 4079 79
Mid 11 657 61 Mid 68' 5039 52
Deep 3 54 18 Deep 34 2309 34
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Table 12. Monthly mean densities (no./m2/wk.) of emerging dipterans in
the three elevational  strata of the Tenmile area of Libby
Reservoir, 1986-1987. Sample size is indicated in
parenthesis.
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density of emergers (108/m2/wk). After June, emergence decreased
and remained low in the mid zone. In the shallow zone, emergence
increased significantly (f4 72=26.002, p<.OOl) in August and
September over the July levels; this trend is also supportedby
surface invertebrate tow data. Densities then decreased to little
or nothing for the rest of the year, with no emergers captured in
November or December. Sampling in the deep zone did
until August, and densities were consistently low 2

otbegin
$)-4/m /wk). In

1987, shallow zone densities peaked in May (112/m /wk), dropped
in June and July, and then incre

2
sed again in August. Mid zone

densities peaked in June (143/m
rest of the year.

/wk) and decreased through the
Rates of emergence in the deep zone was less

than in the other two zones, although 't had high rates of
?2emergence in May and June (87 and 61/m /wk, respectively).

Warmer water temperatures in the shallow zone relative to the
other zones may account for the high rates of emergence there.
Oliver (1971) stated that larvae mature faster in warmer water.
In Libby Reservoir, this means there is potential for a continued
supply of dipterans throughout the warmer months when water is
available. But it is also probable that the fullpotentialofthe
shallow zone will never be realized due to water level
fluctuations which result in a reduction in wetted substrate
during the peak emergence times.

The high rates of emergence in May 1987 in the shallow zone
were not expected, because of the short interval between the time
this zone was wetted and the high rates of emergence. Possible
explanations for this include: bi- or multi-voltine species with
short life cycles that laid eggs in this zone as soon as it became
wetted: eggs or larvae that overwintered in the shallow zone that
hatched or matured immediately upon wetting (The phenomenon of
over-wintering  has been documented by Dane11 1981, Merritt and
Cummins 1984, Paterson and Fernando 1969); wind, wave or current
action forceing emerging pupae into the shoreline or emerging
pupae actively seeking warmer water in which to emerge, To more
fully understand the true mechanisms affecting the shallow zone
emergence patterns, species or genus identification is essential
so that life histories and mergence patterns can be ascertained.

The trends of densities with respect to the depth zones do not
necessarily follow the trends suggested by benthic sampling. As
was stated in the benthos section, the deep zone had the highest
number of dipterans and the mid zone was second. The trends are
reversed for captures in the energence traps. There are several
possible explanations for this. First, sampling may have been
biased by wind and wave action around the traps and currents under
the surface, resulting in insects of one zone emerging from the
surface in another zone and biasing sample numbers. Second, the
large number of benthic dipterans in the deep zone may be serving
as a pool for the mid and shallow zone, and are recolonizing the
shallower depths (as either eggs or larvae) as water temperatures
warm. Third, the shallow zone may supoprt more multi-voltine
species, resulting in relatively greater emergence as compared to
the deeper zones.

43



Three 30-m (or the entire water column whendepth was less
than 30 m) vertical plankton tows were made biweekly from April
through October and monthly from November through April in each
geographic area of the reservoir. A 0.3-m diameter Wisconsin
plankton net was used for all tows. One tow was made at the
permanent sampling buoy and two tows were made at randomly
selected points on established transects in each area.

A plankton trap similar to that described by Schindler (1969)
was used monthly to sample the vertical plankton distribution at
permanent sample buoys in each geographic area. The trap sampled
a 28.1-liter volume of water and each sampling series consisted of
nine discrete samples collected at the surface, 3, 6, 9, 12, 15,
20, 25 and 30 m.

All zooplankton samples were preserved in a solution of water,
methyl alcohol, formalin and acetic acid from September 1983
through November 1986 and in 95 percent ethyl alcohol from
December 1986 to the present. A comparison of zooplankton lengths
was performed on 20 subsamples from the December 1986 series, half
preserved in formalin and half preserved with alcohol, to
document the effect of this preservative change.

Vertical tow samples were diluted in the laboratory to a
density of about 20-25 organisms/ml. Zooplankton were enumerated
and identified to genus in each of five subsamples (5 ml) taken
from the solution. Subsamples were averaged to estimate densities
(number per liter) of zooplankton. Schindler trap samples were
counted in entirety, and all zooplankton were identified to genus.
For both methods, carapace lengths of individual planktors were
measured; for vertical tows, all individuals were measured from
one randomly chosen subsample;  for Schindler samples, up to 20
individuals were measured from each sample. Carapace length data
were segregated into 0.5-mm length groups for each genus and each
group was averaged Biomass of zooplankton was estimated using
the length-weight relationship described by Shepard (1985).

To determine if statistical differences in zooplankton
abundances existed between thereservoir study areas or within the
years of the study, the Kruskal-Wallis nonparametric analysis of
variance test and nonparametric Tukey-type multiple comparisons
were applied (Zar 1984). Comparisons were performed after the
Kruskal-Wallis test revealed differences existed at the 0.05 level
of significance. Replicates collected on each sample date were
averaged within each study area for the statistical analysis.
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From September 1983 through September 1987, 434 vertical
plankton tows were collected from Libby Reservoir. Surface
temperatures ranged between 6 and 24.8°C during the sampling
period. Sampling occurred when reservoir elevations ranged
between 2,342 ft above msl (117-foot drawdown) and full pool
(2,459 ft).

Irving (1987) identified eleven species of macro-zooplankton
in Libby Reservoir during 1977 and 1978 (Table 13) and it is
likely that these are the species currently present in Libby
Reservoir. The mostt abundant species he encountered were Daphnia
sch&leri, Diaptomus tyrrelli,  and Cyclops bicuspidatus thomasi.

There were four main genera of zooplankton  identified in Libby
Reservoir during this study: Bosmina, Cyclops, Diaptomus, and
Daphnia. The reservoir also contained limited numbers of the
larger zooplankton, Epishura and Leptodora, which generally
comprised less than one percent of the zooplankton  community.

The copepods, Diaptomus and Cyclops, comprised the greatest
portion of zooplankton sampled in the reservoir: combined they
acounted for 67.5 to 77.7 percentofthe zooplankton population
from 1983 through 1987 (Table 14). Cladoceran densities,
particularly Bosmina, varied greatly during the five years of
sampling. In 1984 and 1985, Bosmina comprised 9.3 percent and 6.7
percent of the zooplankton  population, respectively, while in 1983
and 1986, Bosmina accounted for 1.1 percent and 0.4 percent,
respectively.

The apparent changes in the zooplankton  community structure,
especially the increasee in importance of Bosmina in 1984 and 1985,
may be related to the kokanee population cycle. When Bosmina were
at their highest abundance during the study period, densities of
kokanee were at their peak. Because kokanee apparently prefer
Daphnia, a change in this competing species may have favored an
increase in the smaller, less utilized (by kokanee) Bosmina.
Hrbacek (1962), and Brooks and Dodson (1965) clearly demonstrated
that predation plays a dominant role in maintaining plankton
community structure Hall et al. (1970) concluded that vertebrate
and invertebrate predation had profound effects on the diversity
and size distribution of zooplankton,  but only affected production
at low nutrient levels. Kerfoot (1974) also stated a similar
relationship between the abundance of Daphnia and smaller
Clad-, Bosmina and Ceriodaphnia, in explaining the microfossil
record of Frains Lake, Michigan.

Zooplankton populations in Libby Reservoir exhibit typical
patterns found in most temperate lakes and reservoirs (Wetzel
1975), with maximum abundance in the spring and early summer, a
decline throughout the summer and a slight increase in the fall
(Figure 10). Daphnia abundances were greatest in the Canada area
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Table 13. Zooplanktonidentified in water samples collected from
Libby Reservoir, Montana, 1977 and 1978 (From Irving
1987).

Genera
Species

Alona T

Species

Daphnia

Bosmina longirostris

Canthocamptus robertcokeri

Chydorus sphaericus

schodleri
galeata mendotae
thorata

Diaptomus tyrelli

thomasiCyclopsbicuspidatus Epischura nevadensis

Leptodora kindtii
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Table 14. Percent composition of major zooplankton  genera present
in Libby Reservoir, 1983 through 1987.

Daphnia

1983 1984 1985 1986 1987

21.1 22.9 18.1 25.3 20.3

Diaptomus 37.1 15.1 28.9 31.5 19.6

Gls&E 40.6 52.4 46.1 42.5 55.1

1.1 9.3 6.7 0.4 4.9
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for all years sampled, with the exception of 1984 when a February
sample taken in the Tenmile area contained 4.57 Daphnia per liter
(Appendix D, Tables Dl through D18). Peak mean densities of
Daphnia ranged between 4.31 and 10.47/l in the Canada area, 1.03
to 7.35/l in the Rexford area, and 1.63 to 4.76/l in the Tenmile
area for the five years of sampling (ibid). In general, Daphnia
densities peaked during May or June for all three areas, Cyclops
densities peaked during April through June, and Diaptomus
densities peaked in the fall, from September through November
(Appendix D, Tables Dl through D18).

Zooplankton densities varied by area and year: statistical
differences appeared dependent on the genera of zooplankton.
Daphnia and Diaptomus densities were statistically greater in the
Canada area than the Tenmile area, but only Daphnia densities were
greater in the Canada area than in the Rexford area (Table 15).
Greater nutrient input, faster spring warmup and less kokanee
predation in the Canada area relative to the other areas may
account for the difference. Water temperature, changing food
conditions, and increased activity or abundance of predators were
listed by Threlkeld (1979) as a hypothesis to explain Daphnia
seasonality.

Overall Daphnia densities statistically differed between
areas, but not between years. Bosmina, Diaptomus, Cyclops, and
Epishura densities did vary through the years of sampling,
however, as indicated  in Table 15. Bosmina densities were highly
variable, with all but years 1984 and 1985, 1983 and 1987, and
1985 and 1987 differing from each other. For Diaptomus, 1984 was
the only year that differed fron the rest; densities were lower in
1984 than all other years except 1987. Cyclops densities differed
in 1983 and 1985 with densities in 1983 being the lowest of all
years, all other year combinations were statistically similar.
Because the sampling year in 1983 began in September (the project
was first funded in May 1983), the large peak in Cyclops densities
typically seen in May (Figure 10) was not detected. This bias
probably accounts for the majority of the variation between 1983
and 1985.

While overall Daphnia densities did not statistically vary by
year, the percent composition of Daphnia size classes did
fluctuate (Figure 11). Notched box and whisker plots of the
percent Daphnia in the 0.5- to 0.99-mm and 1.5- to l.99-mm size
class are presented in Appendix E, Figure Eland E2. The notches
provideanapproximate 95 percent test of the null hypothesis that
the true medians are equal (Chambers et al. 1983). From the plots
it is apparent that the percent of small (0.5 to 0.99 mm) Daphnia
was greatest in 1984 an d 1985, when kokanee numbers were at their
peak, and the lowest percent of large (1.5 to 1.99 mm) Daphnia
also occured during 1984 and 1985. The implication is that
kokanee are exerting size-selective pressure on the Daphnia
population. Other authors have found size-selective fish
predation as a major influence on zooplankton  community structure
(Werner and Hall 1974, zaret and Kerfoot 1975, Lynch 1979).
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Table 15. Non parametric Tukey-type multiple comparisons for
total zooplankton,  Daphnia, and Diaptomus densities by
study area and year. Between-area differences are
indicatedby different numbers: more than one number
indicates similarity to both groups.

Total Zooplankton Daphnia Diaptomus

Tenmile

Rexford

1,2 1

1 112

Canada 2 2 2

YW
Total

Zooplankton Bosmina Diaptomus Cyclops Epischura

1983 1 I,2 1 1 1,2

1984 I,2 3 2 1,2 1

1985 2 3,4 1 2 2

1986 I,2 2 1 I,2 1

1987 I,2 I,4 1,2 L2 1
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Results of our comparison of formalin-preserv ed zooplankton
samples versus ethanol-preserved zooplankton samples indicated
that no significant differences in mean length occurred (Table
16). Avery slight difference in mean length of Daphnia existed:
the Daphnia preserved in the formalin measured an average of
1.09 mm while the Daphnia preservedd in ethanol measured l.05 mm.
This difference is felt to be negligible; however, further
shrinkage may occur if samples are not processed within 3.5
months and this should be recognized.

Vertical Distribution

From September 1983 through Septemberr 1987, 920 Schindler trap
samples were collected from Libby Reservoir. In addition, 216
Schindler trap samples were collected as part of a 48-hour die1
series, in which the plankton (0-- to 30-m depths) and water
quality profile (0-- to 48-m depths) in the Rexford area were
monitored every two hours on July 20 through July 22, 1986.

The following discussion refers to the tables supplied in
Appendix F. All species of zooplankton in Libby Reservoir
exhibited some level of varying vertical distribution throughout
the year. Generally, during the spring and summer months, depths
from 12 to 30 m contained the lowest densities of each type of
zooplankton and the 3-- to 6-m depths contained the highest
densities. Between October and March, densities at depth became
more uniform throught the water column. In all cases during the
May through September period, densities f-between the surface
and 12 m were greater than densities found below 12 m.

The seasonal pattern of vertical distribution of Daphnia is
presented in Figure 12. Shifts in the vertical distribution of
zooplankton in Libby Reservoir detected by our daytime sampling
are likely due to changes in water temperature and the depth of
the euphotic zone and therefore availability of food. The
relatively shallow depths (0 - 9 m) that zooplankton in Libby
Reservoir seem to occupy during a majority of the spring and
summer period may be a reflection of the annual turbidity cycle
the reservoir experiences with refill. Zettler and Carter (1986)
documented that many zooplankton species in Lake Temiskaming,
Ontario-Quebec, displayed somewhat higher midday vertical
distributions in turbid than in clear waters.

Daphnia exhibited a slight die1 vertical migration pattern in
the Rexford area during the summer of 1986 (Figure 13). A greater
percentage of the Daphnia were found at the shallower depths (O-6
m) during late night and early morning hours than during daylight
hours. The effect was most pronounced in the surface waters where
20 to 30 percent of the Daphnia were found during late night-early
morning periods, but 0 to 10 percent were found during mid-
afternoon periods. Daphnia densities were generally greatest at
the 3-, 6-, and 9-m depths and densities from the 12- to 30-m
depths were comparatively low and did not differ statistically.
Daphnia apparently migrated to the surface during the late night

52



Table 16. Comparison of zooplanktonlengths in samples preserved
with formalin and with 95 percent ethanol. Samples
were collected at the Tenmile area on December 18, 1986
and analyzed on March 30 and 31, 1987. Data is
presented by number / mean length / standard deviation.

SUb- Formalin
sample Daphnia Cyclops DiaptcaruS Epischura

1 11/1.00/.31 27/.32/.06 4/.39/.09
2 7/1.14/.10 35/.33/.08 12/.70/.77
3 6/l-28/.30 32/.35/.09 12/.65/.27
4 7/l-04/.18 30/.34/.06 14/.53/.24
5 6/l-23/.12 37/.36/.10 n/.73/.29
6 4/O-85/.30 39/.34/.08 8/.81/.26
7 7/l-06/.30 29/.39/.12 U/.71/.28
8 7/l-09/.34 33/.36/.09 14/.70/.29
9 8/l-05/.30 38/.34/.08 10/.56/.24
10 2/l-30/.21 26/.33/.07 6/.87/.23

2/l-28/.04mm
l/1.35/.00

--
--
mm
--
--
--
--

YlD-rAL 65/l-09/.27 326/.35/.09 102/.67/.27 3/l-30/.05

1 10/1.08/.27
2 12/l-10/.29
3 11/1.18/.17
4 12/l-01/.28
5 12/ .99/.22
6 14/ .97/.28
7 g/1.07/.22
8 12/l-00/.28
9 g/1.09/.30
10 12/l-07/.28

Ethanol
26/.38/.10 12/.66/.27
26/.37/.09 10/.82/.26
32/.35/.09 U/.84/.25
37/.37 .08 12/.45/.12
34/.35/.07 6/.71/.25
26/.33/.10 14/.87/.26
34/.35/.09 12/.66/.24
34/.36/.10 13/.60/.26
34/.34/.09 12/.47/.24
26/.35/.08 g/.78/.26

314/.35/.09 111/.68/.28

--

l/1.50/1
--
mm
--

l/1.30/1
--
--

mAL 113/l-05/.26 3/l-42/.10
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and early morning hours. Euphotic zone depth ranged from 2 to 10
mm at the time of sampling. Water temperature averaged 1 0  C at 30
m, 16O C at 10 m and 20oC at the surface.

Three explanations for vertical migration of Daphnia are
avoidance of sight feeding predators during daylight hours (Zaret
and Suffern 1976), growth maximization by moving to cooler waters
after feeding (the emergetic or demographic hypothesis proposed by
McLaren [1974]), and migration timed to crop the daily peak of
primary production (Enright 1977). Each of these hypothese could
be applied to explain the die1 migration of Daphnia illustrated in
Figure 13. The increase in density at a depth of 3 m at 11:OO am
was noted on both sampling days and may be an attempt to take
advantage of the photosynthetic peak The increase in density at
9 m during the 7:00 pm aampling occurred when surface temperatures
were 24OC and the temperature at 9 m was 16OC. Orcutt and Porter
(1983) concluded that maximum fitness is achieved by Daphnia
remaining at the warmest surface waters atalltimes, refuting
McLaren's (1974) hypothesis. Conclusions as to the mechanism
involved in Daphnia die1 vertical migrations at Libby Reservoir
are not possible, based on our sampling methods. However, this
type of data has important implications, particularly when
interpreting or applying zooplanktondata sets to dam operation.
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Rainbow and cutthroat trout field identifications were based
on scale size, presence of basibranchial teeth, spotting pattern
and presence of a red slash on each side of the jaw along the
dentary. We recognize the difficulty in distinguishing between
rainbow, cutthroat and their hybrid using morphometric
characteristics as reported by Leary et al. (1983), and where
appropriate have grouped the two species.

Abbreviations used throughout this report for the various
species of Libby Reservoir are as follows: rainbow trout (RB),
westslope cutthroat trout (WCT), rainbow x cutthroat hybrids (HB),
bull trout (DV), kokanee salmon (KOK), mountain whitefish (MWF),
burbot (LING), peamouth (CRC), northern sguawfish (NSQ), redside
shiner(RSS),  largescale sucker(CSU), longnose sucker(FSU), and
yellow perch (YP).

The year was stratified into four seasons based on reservoir
operation and surface water temperature criteria for gillnetting:

1) Winter (January -March), the reservoir was being drawn
down, surface water temperatures dropped below 8OC;

2) Spring (April - June), the reservoir was refilled,
surface water temperatures increased  to 9 - 13Oc;

3) Summer (July- September), the reservoir was held at full
pool, surface water temperatures increased to above 17Oc
and;

4) Fall (October - December), drafting of the reservoir
began, surface water temperature dropped to 13 - 9 o C

Seasonal and annual changes in fish abundance within the
-ore zone were assessedd using floating and sinking horizontal
gill nets. These nets were 38.1-m long and 1.8-m deep and
consisted of five equal panels of 19-, 25-, 32-, 38-, and 51-mm
mesh.

One to seven "double-floating" (two ntes tied together end to
end) and two sinking gill nets were set in the spring and fall.
Nets were set perpendicular from the shoreline just before sunset
and were retrieved shortly after sunrise. All fish were removed
from the nets,. and species, length, weight, sex and state of
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maturity were recorded. Scales, stomach samples and a limited
number of otoliths were collected for age and growth analysis.

A spring sinking and fall floating gillnetting series have
been used by the MDFWP since 1975 to assesss annual trends in fish
abundance. These yearly sampling series were continued using
criteria established by Huston et al. (1984). Numbers of fish
caught per net between 1975 and 1982 were comparedby Hustonet
al. (1984) by the Kruskal-Wallis  ranking test, and were used in
this report. Catch rates during the period from 1983 through1987
were log transformed and tested for significant differences at the
five percent level using analysis of variance.

Vertical gill nets were used to assess the relative abundance
and depth distribution of fish species in the limnetic zone of
each area. An overnight set of four 45.7-m deep by 3.7-m wide
vertical gill nets of mesh sizes 19, 25, 32 and 38 mm was made
monthly in each area. Each net was marked at l-m intervals. As
the vertical nets were retrieved, fish were removed and depth of
capture, species, length, weight, sex, and state of maturity were
recorded, and scale samples and fish stomachs were collected.
Relative abundance of the various fish species in the limnetic and
nearshore zones were compared using vertical and horizontal
gillnetting data.

In the period 1983 to 1987, 742 floating and 198 sinking gill
nets were set, capturing 28,228 and 11,364 fish, respectively. A
total of 13 species of fish were captured, three of which
represented over 70 percent of the catch on most sampling dates.

Notable changes in the assemblage of fish species in Libby
Reservoir have occurred since impoundment in 1972. Two new
species, kokanee and yellow perch, are present that did not occur
in the Kootenai River prior to impoundment. Kokaneewerereleased
into the reservoir from the Kootenay Trout Hatchery in British
Columbia, and yellow perch may have dispersed into the reservoir
from Murphy Lake (Huston et al. 1984). Peamouth and northern
squawfishwererare in the Kootenai River before impoundment, but
have increased in abundance in the reservoir. Mountain whitefish,
rainbow trout, westslope cutthroat trout and redside shiner were
all common in the Kootenai River before impoundment but have
decreased in abundance since impoundment. Two predacious species,
bull trout and burbot, were uncommon in the Kootenai River before
impoundment, and subsequent gill net catches show no clear
population trends. More detailed descriptions of changes in gill
net catches since 1972 are given below.
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Peamouth were considered by Huston et al. (1984) to be rare in
the Kootenai River before impoundment.k Since 1979 they have been
the most abundant fish captured in the fall gillnetting series,
with the exception of 1985 when kokanee were numerically dominant
(Table 17 and Appendix G, Tables Gl - G13). Theupwardtrend in
catch rate has been consistent over time, except between 1983 and
1985. During the 1985 sampling period, water temperature was
4.8OC colder than average temperatures during fall sampling in
previous years, and nets were set 32 days later Colderwatermay
have caused peamouth to be farther offshore, or to be less active
and therefore less vulnerable to gillnetting. If so, 1985 catches
were not a valid indication of population decline. The population
structure of the 1985 catch was composed of more distinct age
classes than were present in other years (Figure 14). The much
larger catch in 1987 was dominated by a single year class (Figure
15).

Increases in catch of peamouth between 1978 and 1982 were
significant (p>0.01) by the Kruskal-Wallis ranking test (Huston et
al. 1984),, and increases between 1983 and1987 were significant
(p<0.05) by ANOVA.

Kokanee

Kokanee were the second most abundant fish captured in the
fall gillnetting series (Table 17 and Appendix G, Tables Gl -
G13). Fluctuations in catch rate occurred
the strength of various year classes.

annually according to

Kokanee were made in 1979.
The first captures of

Large numbers
in 1982, most of which were

of kokanee were caught
ascertained by Huston et al. (1984) to

be the result of an accidental release of 250,000 fry in 1980 from
the Kootenay Trout Hatchery in British Columbia. Reproduction by
these fish resulted in the large spawning population in 1985 which
consisted of a single size class (Figure 16). The smaller catch
in 1986 consisted of two distinct size classes
in1983 and 1984.

(Figure 17) spawned

Yellow Perch

Yellow perch were first caught in the spring sinking gill
nets in 1982, and each year thereafter the catch rate increased
(Table 18 and Appendix G, Tables Gl - G13). The annual increases
after 1985 were statistically significant (p<0.05). The barren
and heavily eroded shoreline of Libby Reservoir is unlike the
debris or vegetation-covered substrate preferred by yellow perch
for spawning (Scott and Crossman 1973). Based on the rate of
increase of yellow perch since 1982, lack of spawning habitat does
not yet appear to be limiting their m

Mountain Whitefish

Mountain whitefish have shown a dramatic decline from their
abundant status in the Kootenai River before impoundment to a
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Table 17. Average catch per net in floating gill nets set during
the fall in the Tenmile anda exford areas of Libby
Reservoir, 1975 through 1987. 4

YS
197514619781979lS3O19821983l984298519861987

16.1 17.2 15.6 16.7 15.6 16.7 16.3 15.6 ll.4 14.9 17.7
g/23 g/23 g/20 lol;! lo/l g/22 w-6 g/25 10/24 %Q g/x,

NTcberofrets I.29 9178 73 79 70 24 28 40 58 58

24!%245824472456245724562451243424452446

zmtqmmti~

R3 2.8 3.6 6.3 4.9 4.8 2.4 1.9 1.5 2.5 1.9 0.7
2.0 2.5 2.0 1.4 1.2 1.2 0.7 0.7 1.4 0.6 0.2
0.0 0.0 0.l ao.1 ~0.1 4.1 1.6 0.4 1.0 1.6 0.8
4.8 6.1 8.4 6.3 6.0 3.6 4.2 2.6 4.9 4.1 1.7

2.0 2.3 1.2 1.4 0.6 1.0 0.4 0.8 0.2 0.8 0.1
ax! 4.0 4.2 3.0 6.5 8.8 15.1 12.6 Il.0 5.5 17.5 40.1
I-2 4.2 4.7 4.2 2.1 1.9 3.5 1.9 1.3 0.5 1.5 1.3
Is3 3.3 7.9 7.3 2.0 0.5 0.2 0.7 0.2 0.1 0.2 0.4
W CO.1 CO.1 43.1 0.1 0.2 4.1 0.0 0.1 0.2 0.1 0.0
c;u 1.9 2.4 0.9 1.1 1.2 1.2 0.4 0.2 0.1 0.2 0.1

0.0 0.0 0.0 0.2 0.0 7.1 0.3 6.5 8.1 3.4 5.7----____-- - - -

20.2 27.6 25.0 19.7 19.2 31.7 20.5 22.7 19.6 31.9 51.1
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6. Length-frequency distribution of kokanee captured in spring
gill nets in Libby Reservoir, 1985.
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Table 18. Average catch per net in sinking gill nets set during
the spring in

Ythrough 1987.a
e Rexford area of Libby Reservoir, 1975

YS
l975l276l9781980l982lS4SX35E861987

Ial-dBrofr&s Ill

m 0.8
0.2
0.0
66

z 23 0.3

Is 9
W 1.4

4.1
csu 37.3
I?x.J 7.9
YP 0.0

56.8

XX.2 Il.1 Il.1 Il.7 12.7 15.0 Il.9 10.8
5P 5D5 5/5 5/25 w w 5/8 5/5

41 41 38 36 20 23 28 28

x73 2367 2389 2363 24x2 2415 2379 2390

0.3 1.4 0.7 1.4
0.4 0.4 0.2 0.4
0.0 0.0 0.0 al.1
64 72 LO 21
1.0 0.7 7.2 24.3
1.2 5.8 2.8 4.3
1.4 2.8 0.7 1.9
1.9 2.2 0.8 1.5
0.2 0.3 0.6 0.5
26.1 23.5 36.3 18.6
Il.1 9.1 5.8 10.9
0.0 0.0 0.0 0.2- - - -

2.5
CO.1
0.6
22

3.2
8.0
2.5
1.8
0.4
30.2
5.6
0.8

0.3 0.2 1.5
0.1 0.0 0.4
0.1 a.1 0.6
cu35.823

79.7 39.2 25.5
8.9 5.5 9.1
1.4 0.1 0.4
1.3 1.9 1.2
0.6 0.7 0.9

21.3 8.3 8.5
4.3 1.5 1.8
1.0 2.6 5.5- - -

50.0 53.4 56.1 66.0 114.5 119.8 66.5 55.7

cf cIzitcw*bl984~bjmetal.  (1984).

lg~+&&~'~."

g Rtimb1984,~~~~~assrh,al~~~

mYP=-~*=@=

gl&mtxxsofredsideskinersw-not- in 1975, a l -
- m m @ .
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level of only 2.3 captures per sinking gill net set in the spring
of 1987 (Table 18 and Appendix G, Tables Gl - G13). Catches in
the initial years following impoundment were high, possibly due to
the remnant population from the Kootenai River. Catches in
sinking gill nets after 1978 were lower and more variable, ranging
from 0.8 in 1985 to 5.8 fish per net in 1986. Lack of suitable
spawning habitat in tributaries and the loss of the spawning
substrate within the old Kootenai River channel may be the primary
factors contributing to the decline of whitefish in Libby
Reservoir.

Rainbow and Westslope Cutthroat Trout

Rainbow and westslope cutthroat trout captures in fall gill
nets have both declined gradually since 1978 (Table 17 and
Appendix G, Tables Gl - G13). High capture rates occurred for
both species in the initial years of impoundment, although rainbow
captures have been consistently greater than cutthroat captures.
Kruskall-Wallis  ranking tests showed a significant (p<0.01)
decline in catch of both species from 1978 to 1982 (Huston et al.
1984). Analysis of variance of the catches in 1983 and 1987 also
showed significant (p<0.05) differences. In both species, the
causes for decline probably include reductions in planted stock,
limited spawning habitat in tributary streams, and competition
with the abundant planktivores in the reservoir. Rainbow
abundance may also be detrimentally affected by the reduction in
redside shiner abundance, which McMullin (1979) found to be a
primary prey item of rainbow trout in Libby Reservoir.

Redside Shiner

Redside shiner captures in fall gill nets indicated a decline
similar to that shown by whitefish and trout species. Shiners,
although restricted to slow water habitats, were common in the
Kootenai River before impoundment. Captures in Libby Reservoir
were high in the first years after impoundment, possibly duet0
hold-overs from the Kootenai River, but since 1980 have averaged
fewer than one fish per net in every year sampled (Table 17 and
Appendix G, Tables Gl - G13). Spawning substrate for redside
shiners, which consists of flooded vegetation, may have been
available in the first years after impoundment and facilitated
successful reproduction in those years. Extensive shoreline
erosion in subsequent years probably eliminated suitable spawning
substrate and may now be the primary factor limiting redside
shiner abundance.

Bull Trout- -

Bull trout captures in the fall gillnetting series were low,
probably because sampling coincided with the period in which
adults were in the spawning tributaries. Captures in the spring
varied between years without any statistically significant trend
upward or downward (Table 18 and Appendix G, Tables Gl - G13).
Mountain whitefish were found to be  the primary food item in the
stomachs of bull trout in Hungry Horse Reservoir (May et al. 1988)
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and Flathead Lake (Leathe and Graham 1982). Huston et al. (1984)
found the catch of bull trout in Libby Reservoir to increase and
decrease with the catch of mountain whitefish, and this same trend
has persisted from 1984 to 1987.
coincidental for two

This relationship may be
reasons: 1) the changes in bull trout numbers

from 1984 to 1987 were not statistically significant (p<0.05); and
2) bulltroutpopulations, being made up of several age classes,
should have a delayed response to fluctuations in their prey base.
Analyses of stomach contents of bull trout captured in Libby
Reservoir between 1983 and 1987 show they are successfully
utilizing most prey species other than mountain whitefish (Table
42).

Northern Squawfish

Northern squawfish were rare in the Kootenai River before
impoundment, yet were one of the moreabundant fish in both spring
and fall gill nets in the first years following impoundment (Table
17 and Appendix G, Tables Gl - G13).
modest decline over time,

Spring catches have shown a
while fall catches have shown an

increase from 2.3 fishpernet in 1975, to 9.1 fish in 1987.

Largescale Sucker

Largescale suckers were abundant in the Kootenai River before
impoundment, and dominated catches in spring sinking gill nets set
between 1975 and 1984 (Table 18 and Appendix G, Tables Gl - G13).
Catches in 1986 and 1987 fell dramatically, and in both years were
significantly lower (p<0.05) than in 1984 and 1985. Prior to
1986, spring sampling was done in the first or second week of
June, and in 1986 and 1987 was done in the first week of May.
This change in date of sampling probably accounts
in capture rate after 1985.

for the change

A single dominant size class of suckers averaging
about 375 mm comprised the 1984 and 1985 sinking gill net samples
(Figure 18). The smaller catches in 1986 and 1987 consisted of
several well defined size classes (Figure 19). The single size
classes of 1984 and 1985 may have been spawning adults and the
larger catch rates in 1984-85 than in 1986-87 may be the result of
greater vulnerability of spawners that were enroute to shoreline
or tributary spawning areas. Unlike the catches preceding 1986,
the multiple size classes of 1986 and 1987 are assumed to be
representative of the population structure of fish greater than
150 mm. The decline in catch rate in 1986 and 1987 is not
considered to be a valid indication of the population trend.

Longnose sucker

Longnose suckers were uncommon in the Kootenai River before
impoundment. In Libby Reservoir, longnose suckers were generally
caught only in spring sinking gill nets. The highest catch rate
was attained in 1976 when 11.1 fish per net was caught: the lowest
catch rate was in 1986, when only 1.5 fish per net were caught
(Table 18). The change in date of sampling after 1985 is assumed
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to affect the catch oflongnose suckers just as it did the catch
of largescale suckers, and is not considered an indication of
decline in the population.

Burbot

Burbot were uncommon in the Kootenai River before impoundment.
Catches in spring sinking gill nets were small in the first years
following impoundmentand have gradually increased to a high of
0.9 burbotpernetin1987 (Table 18). Differences in catch rate
at the 0.05 level of significance,exist only between the years of
1983 and 1987. Analyses of stomach contents of burbot caught
between 1983 and 1987 have shown largescale suckers to be a
heavily used prey item. The abundance of largescale suckers and
increasing numbers of yellow perch (another important prey item)
may have contributed to the increase of burbot.

Total Fish Abundance- -

The average total catch of fish in the floating gill nets set
in the fall was fairly constant between 1975 and 1985. Large
catches of 27.6 and 31.7 per net fish occurred in 1976 and 1982,
respectively, while in other years the catch was consistently
around 20 fish per net. In1986 the catch increased to 31.9 and
in 1987 to 51.1 fish per net, solely due to increases in peamouth.

The average total catch of fish per sinking gill net set in
the spring varied little between 1975 and 1980, ranging from 50 to
56.8 fish per net. After 1980, catches increased substantially
until 1985 when catches peaked at 119.8 fish per net. catches in
1986 and 1987 dropped to half the size of the 1985 catch. The
drop in total catch in 1986 and 1987 is not considered to be a
valid indication of the population trend due to the change in
sampling schedule described earlier. Catostomus spp. and peamouth
accounted for most of the decline in 1986 and 1987. Both species
are more susceptible to gillnetting in June than May because of
spawning activity in June.

The relative frequencies of species captured in the spring
sinking gillnetseries are shown in Figure 20. Five species of
fish dominated the catch, comprising over 90 percent of the
assemblage. Peamouth had the greatest relative abundance for all
years, but since 1985 their relative abundance has decreased due
to increasing numbers of northern squawfish and yellow perch. The
relative percentage of Catastomus spp. in the catch remained
relatively constant from 1984-1987, while the relative abundance
of mountain whitefish varied greatly, ranging from less than 17
percent of the total catch in 1985 to 9 percent in 1986.

The relative frequencies of species caught in the floating
gill net series set in the fall are given in Figure 21. Peamouth
chubs had the highest relative abundance in all years except 1985
when they were displacedby a large year class of kokanee. The
catch rate of northern squawfish remained relatively constant over
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the sampling period, but its relative abundance declined due to
the increase in peamouths. In addition, the relative abundance of
Oncorhynchus trout species declined over the time period.

Changes in the assemblage of fish species in Libby Reservoir
are similar to changes that have occurred in other reservoirs.
The classic process of reservoir aging is initiated by a period of
trophic disequilibrium as basin filling begins, and is eventually
followed by a period of equilibrium (Kimmel and Groeger 1986).
Disequilibrium is characterized by "trophic upsurge and
depression" (Baranow 1961). Fluctuations in fish populations
occur during the disequilibrium phase, but usually stabilize
within 5 to 10 years (Kimmel and Groeger 1986). Trout species and
mountain whitefish, common in the Kootenai River and in gill net
catches immediately after impoundment, have declined since 1982.
Jenkins and Morais (1971) found sport fish harvest to be
negatively correlated with reservoir age in over 100 North
American reservoirs studied. They also found reservoir age to
have no affect on total fish standing stock due to increases in
clupeid abundance. Total standing stock in Libby Reservoir as
indicated by fall floating gill net captures is increasing, and is
due to increases in peamouth chubs as well as kokanee, both of
which utilize limnetic production. The numerical dominance of
these pelagic species became apparent in 1982, 10 years after
impoundment, The upward trend in abundance of peamouths, kokanee
and yellow perch will probably be controlled by competition for
the plankton resource.

.
Limnetic Zone

Species composition of vertical gill net catches in the
Tenmile and Rexford areas were more similar to each other than
they were to catches from the Canadianportionofthe reservoir
(Table 19 and Appendix H, Tables Hl - H6). At the north end of
the reservoir, peamouths comprised an average of 68 percent of the
catch from 1984 to 1987, while kokanee comprised only 13 percent
of the catch. In the Tenmile and Rexford areas, peamouth
comprised an average of 10 percent and 27 percent, respectively,
from 1983 to 1987, while kokanee comprised 82 percent and 60
percent of the catch, respectively.

In 1983, Oncorhynchus trout and bull trout comprised up to 25
percent of the catch in the Tenmile and Rexford areas, but
diminished in most cases to less than one percent of the catch in
all subsequent years. Vertical gillnetting was not done in Canada
in 1983. After 1983, Oncorhynchus trout, mountain whitefish,
Catostomus spp. and northern sguawfish had a greater relative
abundance in Canada than either the Tenmile or Rexford areas. The
assemblage of fish in the Canadian area more closely resembles
that which is present in the Kootenai River.
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Table 19. Relative abundancee of fishspecie& captured in vertical
gill nets in three sampling - in Libby Reservoir, 1983
through 1987.

YearFa mH8 ax3wK.xIwFazrfQR§cYJFsJ

x3837 2 4 1312641 9 1 0 0 0
XX341 1 1 3 1 89 al.1 6 a 43.1 a 0
l985a 1 a la890 9 a 0 a 0
l986a a a lima 9 0 0 a 0
l987a a 1 ia79a I.9 a 0 a 0

19834 4 0 8 ll39 0
I9842 1 1 4 1 8 5 1
Is51 a a 1 a 57a
lx?62 0 1 3 a 47 2
J987a a 0 1 1 72 a

22
7
37
44
25

44
67
80
82

20
1
1
2
a

0 0
a i
a a
0 1
a 0

0
a
0
0
0

19842
m5a
I9861
Is872

0
a
2
1

2 4
0 1
1 5
a 3

0 14 3
a 24 0
1 5 2
0 9 1

14 0 17 3
6 1 0 0
3 0 4 a
4 a a 0

9 -um-sMp-tmk-
artthrcattrarthylp-id,-irllemt,m*;
I?lwaEeq-whi.. -d-rb,
B Ex$lawfish,  IEz+Eds'Ideshinx,~~e
EcxdEr, FsHaqm? -
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Kokanee abtmhme was estimated each year from 1984-1987 using
hydroacoustics. Sampling was coxlucted during moonless nights in
August. Visual isolation during moonless nights results in an
even dispersal of kokanee thereby increasing the reliability of
the technique (Hanzel 1984).

AHonda Sitex depth recorder (Model HE 356A) with a transducer
beam angle of 10 degrees and frequency  of 220 mHz was used. Cone
widthwas assumedto beconsistentwiththelO-degreebeam angle.
T h i r t y - e i g h t - coveringfourdiscrete reservoir areas were
-eyed. After July 1985, distance traveled along each transe&
was measured by a knotmeter. Transect sampling began
approximately one hour after sundown using compass bearings and
(after 1985) by steering toward flashers placed at the end of
each transect. Weir sonar sampling was completed within two
to four nights, generally with one area (8-10 Wanse&s) completed
each night.

A l l  t a r g e t s  w i t h i n interval were counted.
Thenumberoftikaneepertranxct was calculatedusingvertical
gill net species composition proportions. Numbers ofkokaneeper
1,000 m were calculated for each depth interval. These estimates
were then converted to numbers per area and expanded to total
surface area using methods and assumptions explained by Shepard
(1985) .

Sonar trense& lengths were 73 to 76 km, with the exception of
the1986estimatewherethetotalmeasured lengthofthetransects
was 90.5 km (Appendix I, Tables 11 - 14). The area exhibiting the
mostvariationintransect lengths andvolumes was Tenmile.The
cause of the extra length in 1986 could be wind-induced drift as
the transects were sampled, or recording error. In any case,
numbers in 1986, at Tenmile and for the total, were lowest of any
of the years sampled

Since their introduction by Canadian fisheries personnel
throughout the 1970's, the koti population in Libby Reservoir
has experienced cyclic population dynamics. Kokanee in Libby
Reservoirspawnas  2+yearold fishandtheirpatternofaburdance
is apparently related to a strong 1979 and/or 1981year class.
The pattern is such that every third kokanee year class is
%tror@ and is followed by two %eakeP~ year classes. Although
this ~~U&IXX trend is apparently stabilizing, it still dominates
kokanee population dynamics in Libby Reservoir. Because the
hydroacoustic gear we have used does not have the capability to
differentiate size and therefore age class of kokanee,
interpretation of our population estimate necessitates an
understandingofthe kokaneepopulationpattern.Ourpopulation
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estimates are presumed to includeprimarilyage l+ and 2+ fish,
although the possibility exists that some age 0+ fish were
includedintheestima~

In 1984, we estimated that Libby Reservoir contained the
highest total numbers of kokanee, 2.5 million fish, primarily
composed of a very strong 1983 year class (Table 20). The 1985
estimate was smaller by approximately 500,000 fish. Kokanee
numbers in 1986, immediately after the largest (1985) year class
spawned, reatied the lowest value of anyyearyetmeasurd This
estimate includes the two 'we&e& year classes forthatperiod,
the 1984 and 1985 young-of-the-y-

For comparison, Rieman and Bowler (1980) estimated that
kokanee numbers inPendOreille  Lake, Idaho, ranged from 5to 12
million fish between 1974 and 1978. Fend Oreille is the largest
lake in Idaho with a surface areaof km2. Interestingly, the
kom population in Fend Oreille apparently stabilized in 1976
and 1977 before declining in 1978 (Rieman and Bowler 1980).

Estimated densities of kokanee in the Libby Reservoir during
August differed by area and year (Table 21). In two of the four
years, 1985 and 1986, Eeck Gulch had the highest densities, 276.5
and 443.8 fish/ha, respectively. For all four years, the Canada
area had the lowest densities, ranging from 5.4 to 17.3 kokanee
perhectare.

Fish collected in Libby Reservoir and its tributaries were
measuredas total length (TL) andweilpledtotheneares t gram (9).
Scales were removed from fish in an area abovethelateral line
and between the dorsal and anal fins following Lagler (1956).
Cellulose acetate impressions of the scales were examined at48X
or 72X magnification using a microfiche reader Distances were
measured in a straight line from the focustotheannuliandmid-
anterior margin of the scales using a millimeter ruler

Age and growth information was analyzed using the FIRE 1
computer program (Hesse 1977) as modifiedby Montana Department of
Fish Wildlife and Parks personnel. Age was assigned based on
interpretation of annulus formation on scales (Jearld 1983). Body
length-scale radius relationships were describedusing log-log
plotsandtheMonasters~technigue.

Otoliths from a limited number of trout, burbot and salmon
were analyzed by Dr. Ed Brothers (EFS consultants, Ithaca, New
York) to validate aging by scales and to provide additional
information on seasonal and differential growth of fish in the
reservoir. Method of analysis was similartothatreportedby
Brothers et al. (1976) and is described in detail by May et al.
(1988).

76

.-- _- --.-



Table20. Expandedestimates  ofkokanee- in Libby Reservoir in
August, frcm 1984 to 1987, as determined by hydrowoustic
sampling.

@azpa@dc Totdlsurfamm Areasanpl&l  EStimt& 95%oznfi&xe
ha. am ha.acxE?s r-lmker irrtenml

!lkmile
RxkGul~
Fexf0K-d

!l?xmile
FeckGliLdl
Isxford

!Ikdle
Fekcalldl
Fexford

4680.3 l1564.9
1911.7 4723.7
4375.1 10810.7
4867.8 X2028.3

15834.9 39127.5

4620.3 11416.6
1887.2 4663.1
4315.1 10662.4
4317.1 10667.5

15139.6 37409.5

4687.2 ll582.0
1914.5 4730.7
4392.5 10853.6
5026.0 12419.2

16020.2 39585.4

4673.4 11547.8
1908.9 4716.7
4375.1 10810.7
4787.3 11829.2

15744.6 38904.4

1984
Il.4 28.2
7.6 18.8
11.4 28.1
9.5 23.4
- -
39.8 98.4

I.985
10.2 25.3
6.9 17.1
ll.8 29.1
9.3 23.1
- -
38.3 94.6

I286
13.5 33.4
9.5 23.5
14.6 36.1
9.9 24.6
- -
47.5 117.5

1987
Il.5 28.5
7.2 17.8
Il.4 28.2
9.0 22.2
m-
39.2 96.8

l2l2l84
251512
1037717
26ll6

2 57819
+ 20718
+ 94154
+ 4738-

2527530 + in429

463856
521849
1015217
46990

2047911

+ 59942
T 51393
T 142290
+ 17275

+ 271100

196870
849576
537992
86950

+ 26778
+ 80459
If: 48760
+ 27065-

1671389 + 183062

596503
289342
958010
31658

+ 74038
t 61419
+ 179589
+ 7267-

f. 322314I.875513
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Table 21. Mean kokanee density in four areas of Libby Reservoir during
August 1984 to 1987, as determined by hydroacoustic sampling.

Area
95% Confidence Newman-Keul&

per- Interval per ha- Multiple Comparison

TENMILE
PECK GULCH
RExFaD

104.8
53.2
96.0
2.2

40.6
111.9
95.2
4.4

17.0
179.6
49.6
7.0

51.7
61.3
88.6
2.7

I984
95.1 - 114.5
46.3 - 60.2
79.2 - 112.8
1.4 - 3.0

I985
31.0 - 50.3
95.3 - 128.6
68.9 - 121.5
1.1 - 7.7

I.986
12.1 - 21.9

149.5 - 209.7
39.7 - 59.4
2.4 - 11.6

1987
39.2 - 64.1
41.3 - 81.4
56.4 - 120.8
1.4 - 3.9

259.0
131.6
237.2

5.4

100.4 A
276.5 B
235.3 B
10.9 C

42.0
443.8
122.5
17.3

A
B
C
A

127.6 A
151.6 A
219.0 B

6.6 C

AY
B
A
C

9 ANOVA test indicated significant differences among areas for all years:
1984 (F3, 34=88.13, p<O.OOOl);  1985 (F3, 34=40.04, p<O.OOOl);  1986 (F3,
34=114.11, p<O.OOOl); 1987 (F3, 34=13.57, p<O.OOOl).

w Number/area values that are significantly different are indicated by
different capital letters.
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Fish growth is influenced by many factors (Ploskey 1986,
Piper et al. 1982). Water temperature and.other habitat
characteristics (Brett 1971, Everhart and Youngs 1981), food
availability and nutrition (Wolfert and Miller 1978, Piper et al.
1982), and competition (Calhoun 1966, Carlander 1969, Christie
1974, Schiavone 1985) have all been documented to affect fish
growth. Kokanee exhibit density-d-t growth (Johnson 1965,
Foerster 1968) and effects of reservoir operation on area or
volume of the reservoir may influence population densities
(Jenkins 1970, Aggus 1979). However, any effects of reservoir
operation on growth are confounded by influences of temperature,
competition, food availability @ habitat characteristics.

Age determination and scale measurements
417 rainbow mt captured in Libby Peservoir.

were performed on

the scale radiusvs.bcxlylength
The intercept of

regression line was 16.14 mm with
a slope of 0.62 and a correlation coefficient of 0.84.

Analysis of scales showed that there were distinct transition
zones of growth where circuli became wider, finer and very
uniform. These were believed to be zones formed following
emigration from natal streams to the reservoir. Annuli formed
during growth in the reservoir were recognized by a periodic
pattern in the fall and winter where spacing between circuli
became less. Growth afterthe firstyearwas slowerandannual
zones were more difficult to interpret An explanation for this
could be slowing oftroutgrowth due to maturation or change in
focd habits (Mueller and Pockett 1980; Hensler 1987).

Five distinct migration classes (trout that emigrated from
natal streams to the reservoir at ages O+, l+, 2+, 3+, and 4+)
were determined to exist in the samples based on scale aging
techniques (Table 22). Migration classes 0, I and II made up the
vast majority of the sample (44, 38, and 14 percent,
respectively). Migration classes III and IV had small sample
sizes (3 and 2, respectively) and were therefore not includedin
the following discussion.

Migration class was apparently related to size at age. Trout
migrating at younger ages had a growth advantage over older
migrants, due to thedifferencebetweengrowth in the reservoir
versus the stream. Rainbow trout migrating as fry were the
largest-sized class as one-year-olds, followed in size by
migration classes I and II. As two-year-old& migration class I
trout were similar in size to the trout migrating as fry. At age
three, earlier migrants averaged 55 mm longer than class II; the
difference was 34 mm at age four, and by age five all migration
classesweresimilarinlength
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Table 22. The calculated mean total lengths (mm) at annuli for
rainbow trout trout in Libby Reservoir, 1984 through
1987. Measurements based on Scdle analysis.

m1ength
atcapture Annulus

Age (N) (mm) 1 2 3 4 5 6

1 6 293
2 20 318
3 20 369
4 11 400
5 1 446
GrandMean
Growthincrement

1 41 260
2 61 347
3 59 375
4 17 416
5 5 408
GrandMean
Growthincrement

2 40 281
3 48 327
4 49 373
5 20 403
6 3 408
GrandMean
Growthincrement

1 47 265
2 121 320
3 133 353
4 83 386
5 30 396
6 3 408
GrandMean
Growthincrement

Migration Class 0
123 - - - -
122 299
128 308 359 -
134 309 378 399 -
140 249 352 420 446
127 303 365 401 446

176 62 36 45

Migration Class I
98 -
108 307 -
107 294 357
110 300 379
112 279 353
105 300 361

195 61 45

Migration Class II
93 155 -
95 161 302
99 162 310
100 167 319
97 158 304
96 161 308

411 -
390 408
406 408

2

366 -
377 402
355 394
369 401

65 147 61 32

Migration Classes Combined
101 - - - -
105 255 - - -
105 242 331 - -
104 209 326 378 -
103 186 309 370 395
97 158 304 355 394
104 234 326 375 395

130 92 49 20 13

408
408

7

408
408
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Mean lengths at annuli for Stream residence of trout migrating
as one- and two-year-olds  were gxeaterthanthose  foundbyHuston
et al. (1984) between 1972 and 1982. Lengths at annuli during
resesv0i.r  life were slightly lower for trout in this study until
age four, at which point they were similar. It is likely that
this is related to the drop in abundance of redside shiners, at
one time an important food item for rainbow trout over 330 mm
(Huston et al. 1984, McMullin 1979). Between 1983 and 1987,
rainbow trout fed largely on zooplankton and insects and very
little on fish (see section on Fish Food Habits). Evidence
suggestingthatthischangeinfoodhabitsmayhavealteredgrowth
rates is given by Helsler (1987) who studied rainbow trout in
Montana lakes and found that fish that relied heavilyondaphnids
grew more slowly after 350 mm TL than those that switched to
laqerfooditems.

Several authors have noted the possibility of scale aging
beinginaccurate (Beamish and McFarlane 1983, Boyce 1985, Hubert
et al. 1987). Beamish and McFarlane stated that validation is
absolutely necssaq for accurate age determination and reported
that if known age fish were not available, validation by different
techniguesshouldbeconsidered. Hubert et al. (1987) found that
aging with scales and otoliths in combination yielded accurate
results.

For this study, findings based on otolith analysis were
similar to those from scales. Otolith analysis determined that
migration class I and II fish were 108 mm and 147 mm TL,
respectively, at annuli formed prior to emigration to the
reservoir in 1985 (Table 23). !the.seback-calculatedlengthswere
about 10 percent smaller than those derived from scale analysis,
where migration class I and II fish were 120 mm and 166 mm TL,
respectively, at annuli formed prior to emigration in 1985 (subset
of data in Table 22).

Brothers (1987) analyzed rainbow trout otoliths from Libby
Reservoir and found there to be a transition zone of growth
between stream and reservoir. He found that this transition may
beabrupt, withthe increments becoming wider and more uniform, or
else the transition is more gradual with an intermediate area of
poorly'defined increments before reservoir growth. His results
indicate that fish enter the reservoir in the last week of May
t.hmugh the first two weeks of June.

Monthly increments of growth derived from otoliths indicated
that migration class I fish grew at a faster rate than migration
class II fishduringtheir first year in the reservoir, but that
both migration classes grew fastest from April to June (Table 23).
Migration class I fish grew 51 mm/month between April and June and
slowed to 17 mm in October: migration class II fish grew 36
mm/month from April to June and slowed to 15 mm in October.
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Table 23. Meanback-calculated lengths and monthly growth rates of
rainbow trout after entry into Libby Reservoir, 1985.
Measurementsbasedonotolithanalysis.

Age at
entry

1

Lengths (mm) at Wngths (mm) at dates (grawth/mo.)
Stream wr-

WI annulus Jun Jul Aug Sep 0c-t

24 108 159 189 218 243 259
(51) (30) (29) (24) (17)

2 18 147 184 212 239 262 278
(36) (27) (25) (22) (15)
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Age and growth determinations were made on 354 westslope
cutthroat trcplt collected from Libby Reservoir from 1984 through
1987. The intercept of the scale radius-body length regression
line was 15.08 mm with a slope of 0.66 and a correlation
coefficient of 0.90.

Based on scale analysis, the sample of captured cutthroat
trout consisted of migration classes 0, I, II, and III, with
migration classes II and III making up the majority of the sample
(67 percent, and 22 percent, respectively) (Table 24). Fish in
all migration classes nearly doubled in length from time of
emigration to the ~oir to the firstannulus  formation inthe
reservoir. Lengths at first reservoir annulus were similar for
migration classes I, II, and III (302 mm, 303 mm, and 309 mm,

respectively).
secord gmwing

Migration class 0 put on most growthduring the
season inthereservoir. Migration classes 0 and I

maintainedalengthadvantagewerotherclasses
which point all classes

until age five at
were similar in length,

Lengths at first reservoir annulus averaged about 75 mm TL
grater for class I migrants than those reported by Huston et. al.
(1984) between 1972 and 1982. Cutthroat trout in this study
maintained that advantage through age three. Similarly, lengths
for migration classes II and III were greater in this study than
those found by Huston etal., but the size differences were much
less (10 mm and 7 mm, respectively).

A possible explanation for cutthroat trout being more similar
in lengths at age than was seen in rainbowtroutmaybe found in
their respective food habits. Cutthroat trout tend to feed more
heavily on daphnids and aquatic and terrestrial insects (McMul1i.n
1979). Therefore, a decrease in the redside shiner population
wouldnotadv=lyaffect  cutthroattroutas itwouldrainbows.

Lengths of migration classes II and III cutthroat trout also
were higher than those reported for Hungry HorseReservoir  (May
et. al. 1988) and for Flathead Lake (Leathe and Graham 1982).
This may reflect higher productivity in theKootenai River system
than in the Flatheadsystem.

RainbowXCuttbroatHybrids

Age determination and scale measurements were performed on
321 hybrid trout. The intercept for body length-scale radius
regression line was 16.14 with a slope of 0.63 and a correlation
coefficient of 0.84. In addition, otoliths from 57 hybrids were
usedtoassessmonthlygrowth.

Analysis of scales showed the sample to consist of migration
classes I, II, III, and IV. Migration class II made up the
majority of hybrids captured (59 percent) while the others were
similar and ranged from 12 to 15 percent (Table 25). Rack-
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Table 24. The calculated mean total lengths (mm) at annuli for
westslope cutthroat trout in Libby Reservoir, 1984
through 1987. Meafllrements  based on scale analysis.

-length
at capture z4nrlulus

Age WI Off@ 1 2 3 4 5 6

1 3 255
2 7 303
3 9 367
4 1 385
GrandMean
Grcmth increment

1 5 209
2 3 302
3 2 413
4 2 399
GrandMean
Growth increment

2 79 241
3 61 320
4 37 367
5 6 392
6 1 408
GrandMean
Grmth increment

3 31 229
4 18 313
5 7 383
6 1 405
G&Mean
G~increment

1 26 267
2 118 268
3 125 310
4 68 351
5 13 387
6 4 406
GrandMean
Gruwthincrd

Migration Class 0
126 -
129 285 -
136 285 347 -
153 255 340 369 - -
133 283 346 369 - -

150 63 23

Migration Class I
88 - - - - -
118 289 - - - -
102 338 398 -
136 286 355 399 - -
106 302 376 399 - -

196 74 23

Migration Class II
83 140 -
95 163 298 - - -
97 164 309 360 - -
93 175 312 361 392 -
81 152 319 375 397 408
90 154 303 361 392 408

64 149 58 31 16

Migration Class III
80 125 165 -
81 134 187 297 - -
89 147 205 334 376 -
93 145 198 325 379 405
82 132 178 309 377 405

50 46 131 68 28

Migration Class Combined
145 - - - - -
106 193 - - - -
105 193 279 - - -
101 175 278 342 - -
91 160 254 347 383 -
90 147 228 337 384 406
107 187 276 342 383 406

80 89 66 41 23
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Table 25. The calculated mean total lengths (mm) at annuli for
rainbow X cutthroat trout in Libby Reservoir, 1984
through 1987. Measurements based on Scale analysis.

-length
at capture Annulus

We OJ) (n-W 1 2 3 4 5 6

1 8 281
2 18 351
3 4 377
4 6 430
5 1 421
GrandMean
Growthincrement

1 10 221
2 12 359
3 18 365
4 5 387
5 1 440
GrandMean
Growth increment

2 62 230
3 71 332
4 40 374
5 17 417
GrandMean
Growth increment

3 23 214
4 16 335
5 6 337
6 2 412
GrandMean
Growthincrement

1 18 248
2 92 271
3 116 315
4 68 369
5 25 399
6 2 412
GrandMean
Growthincrement

Migration Class 0
142 - - -
143 319
136 295 358 -
152 330 392 427
126 271 361 403
143 316 377 424

189 58 35

Migration Class I
99 - - -

103 312 - -
108 290 353 -
104 262 345 380
96 270 351 415
104 293 351 386

189 58 35 54

Migration Class II
89 142 -
99 162 301 -
101 167 303 359
98 162 320 371
96 156 304 363

60 148 59

Migration Class III
87 129 163 -
89 140 191 316
91 143 188 286
93 180 240 331
89 137 179 309

421
421

411
411

48

412
412

48 42 130 31 72

Migration Classes combined
118 - - - - -
101 199 - - - -
99 180 284 - - -
103 182 286 355 - -
97 166 291 354 393 -
93 180 240 331 370 412
101 185 285 354 392 412

84 100 69 38 20
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calculated lengths at annuli werevery similar to both rainbow
trout and cutthroat trout. All migration classes were
approximately 300 mm TL after the first growing season in the
reservoir. Migration classes 0 and I maintained a growth
actvantageaverotherclassesthatwasachievedthe  firstyearin
the resesvoirandlastedthroughyearfive.

GtiWth incrementsweresimilartothoseofcutthroattroutand
rainbow txnlt, suggding that in Libby resewoir, life histories
of the different trout types are similar. Greatest growth of
hybrid trout was achieved in the first year of reservoir life.
Growth incrementsdecreased from 189 mm TL to 130 mm TL as age at
migration increased. Otoliths were used to determine monthly
growth rates of age 2+ hybrid trout during their first summer in
the resenroir in 1986. Rack calculation of otoliths revealed that
fish averaged 173 mm TLuponenteringthe reservoir in mid June,
and grew by increments of 32 mm, 30 mm and 27 mm during subsequent
30-day intervals.

Otolith measurements from a sample of 100 kokaneecaptured
between 1984 and 1987 were analyzed to determine monthly and
annual lengths al-d g-m&h rates. Because the majority of kokanee
in Libby Reservoir spawn at age 2+ andsample sizes of 3+ and 4+
kokanee we.re low (two and one, respectively), discussion will be
limited to age classes 1 and 2.

Age 2+ kokanee show&i thegmatestsewndyeargrowth  in1986
(141 mm), followedby 1983 (125 mm) and1985 (103 mm) (Table 26).
Agel+ kok3nee showed similardifferences inannuallengthsamong
yearqwithgreatestgrowth occurring in 1983 and 1986, and least
growth in 1985 (Table 27). It has been well documented that
salmon populations exhibit density-dependent growth (Johnson 1965,
Foerster 1968, Goodlad et al. 1974). The year when both age 1+
and 2+ kokanee growth declined in Libby Reservoir (1985) was a
year of relatively high density (Table 20); conversely, growth was
relatively high in 1986 when total numbers were lower. It is
possible that high numbers of both ageclasses exertadensity-
dependent pressure ardtherebyderreasegrowth.

Otoliths were used to determiine monthly growth rates for age
2+ kokanee (Table 28). For the period June through October,
growth increments were highest in the June-July interval and
lowestinthe  August-septemberor  Sep~~~intenral. The
high rates inJune throughJuly correspotiwithblooms  of Daphnia
in the reservoir and their association with water temperatures
preferred by kokanee. Two-year-old kokanee captured in 1986
showedgreatestgrowthintheAugust-Septemberinterval.
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Table 26. The calculated mean total lengths (mm) at otolith annuli for
kokanee salmon in Libby Reservoir, 1984 through 1987.

-length
at capture Annulus

Age (NJ ml 1 2

I984

1 36
2 4
GrandMean
GrowthIncrement

302 173
413 183

176

I.986

1 8 308
2 3 413
GrandMean
GrowthIncrement

155
189
165

I987

1 14 173 170
2 31 316 140
GrandMean 147
GrowthIncrement 141

125

301
301

292
292

103

293
293
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Table 27. Back-calculated and back-dated lengths at first otolith
annulus for kokanee salmon in Libby F&servoir, 1983 through
1987.

YW Year of Number
of growth annulus Le&h (mm) of fish

1983 1984 178 35
1984 1985 164 3
1985 1986 142 38
1986 1987 170 14

88

---



Table 28. Back-calculated lengths and mean monthly growth (mm) for
age 2+ kokanee salmon in Libby Reservoir, 1984 through
1987. Measurements based on otolith analysis. Sample
size is in parenthesis.

Time of year
Previous

Year Winter Spring June July Aug. Sept. Oct.

1984 178(31) - 200(3) 234(11) 258(24) 280(31) 301(31)
increment 34 24 22 21

1986 142(20) 184(20) - 222(12) 247(20) 279(20) 296(13)
increment 42 25 32 17

1987 186(6) 228(6) 244(3) 270(6) 293(6) 311(6)
increment 42 16 26 23 18
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Bul1Trmlt

Agedeterminationsardscalemeasurem ents were made on 78 bull
trout from 1985 through 1987. The i&ercqt of the body length-
scale radius regression line was 12.33 mm with a slope of 0.802
and a correlation coefficient of 0.80.

Three-, four- and five-ys-olds comprised the majority of the
catch of bull trout during the study period (21 percent, 38
percent, and 28 percent, respectively) (Table 29). Captured bull
trout comprised three migration classes. The highest percentage
of the catch was from migration classes II and III (59 percent and
38 pexcent, respectively). Composition of migration classes was
SimilartothatfoundinLibby Reservoir from 1972 through 1982 by
Huston et al. (1984).

Growth among all migration classes of bull trout was similar
for the first year in the reservoir (126 mm, 110 mm, and 107 mm
for migration classes II, III, at-d IV, respectively). First year
growth increments in this study were greaw than those reported
by Huston et al. (1984) for Libby Reservoir from 1972 through
1982, by Leathe and Graham (1982) for Flathead Lake, or May et al.
(1988) for Hungry Horse Reservoir. In addition, bull trout in
LibbyReservoirexhibitedgreatergrowthuptoage  fourthanthese
other Montanastudies, atwhichpointgrowthwascomparable.  This
suggests that there may be more readily available food organisms
forsmallerbulltroutinLibby Bservoirbutthatthoseitemsare
not enough to maintain the growth advantage for larger fish.
Carlander (1969) noted that the intermediate-size bull trout (130
mm to 380 mm) fed most heavily on a spawning population of salmon
and that kokanee were the principle food of bull trout in some
Idaholakes.

Growth of migration class II bull trout to first annulus in
the reservoir was greater than growth of migration classes III and
IV, although migration class IV had a sample size of only two.
This growth advantage was also carried up to the sixth year of
life. Growth increments within the reservoir, although, were
greater for migration class III than for migration class II and it
appears likely that if continued for several more years, the
length advantage gained by migration class II would diminish.

Thispatternis considerablydifferentthanbulltroutgrowth
reported for Hungry Horse Reservoir (May et al. 1988). Growth
increments of migration classes II and III in Hungry Horse
Reservoir remained similar and stable for the first five years of
life including the first year of reservoir life. Growth
increments for migration classes II and III increased by only 18
mm and 11 mm, respectively, betweenlastyear of stream growth
and first year of reservoir growth. Greatest growth was at age
five for migration class II fish and age six for migration class
III fish. Once again it appears as though upon entering the
reservoir, some feeding advantage was gained in Libby Reservoir
relative to the other artas noted above.
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Table 29. The calculated mean total lengths (mm) at annuli for
bull trout in Libby Reservoir, 1984 through 1987.
Measurements based on Scale analysis.

-length
at capture Annulus

Age (NJ (mt@ 1 2 3 4 5 6 7

2 4 275
3 13 359
4 21 420
5 7 484
6 1 535

GrandMean
Growth increment

3 3 263
4 9 396
5 15 462
6 3 468
7 1 765

GrandMean
Growth increment

5 1 373
6 1 411

GrandMean
Growth increment

2 4 275
3 16 380
4 30 410
5 23' 440
6 3 454
7 1 765

GrandMean
Growth increment

Migration Class II
111 214 - - - -
104 171 313 - - -
107 181 310 388 - -
110 181 292 384 459 -
129 220 296 373 446 517

107 182 308 387 457 517
75 126 79 70 63

Migration Class III
81 149 214 - - -
99 164 224 328 - -

102 161 223 335 418 -
88 150 211 309 391 457
126 213 286 413 520 606

99 161 223 333 419 494
62 62 110 86 75

Migration Class IV
105 145 192 248 373 -
97 137 189 248 338 386

101 141 190 248 355 386
40 49 58 107 31

Migration Classes combined
111 214 - - - -
102 170 270 - - -
104 172 265 350 - -
106 162 240 334 416 -
110 190 257 344 391 453
126 213 189 413 520 606

110 187 244 360 442 530
77 57 116 82 88

699

699

699

699
169
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Age determination and scale measurementswereperfonnedon168
mountain whitefish. The intercept of the body length-scale
radius regression line was 12.25 mm with a slope of 0.709 and a
correlation coefficient of 0.88.

Hustonetal. (1984) reportedthatmountainwhitefish fry do
not rear intributariesbutmovedirectlyto Libby Reservoir after
hatching. This is consistent with the scale analysis, which
showed greatest growth occurring in the first year of life,
presumably corresponding to initial growth in the reservoir.
Lengths at annuli continually decreased afterthattime (Table
30).

These results are comparabletothose reportedby Hustonet
al. (1984) except that length at the firstannulus was higher in
this study. In addition, lengths at annuli for mountain whitefish
inLibby Reservoir were greater than these of populations found in
other Montana lakes (Carlander 1969).

Otoliths from 56 burbot collected in Libby Reservoir were
utilized for age and growth analysis. Asummaryoftheagingdata
is shown in Figure 22 and Table 31. No back-calculation of ages
wasattemptedduetothepresence of tVfal&V annuli and difficulty
of measurement Brothers (1987) noted that although the annular
marks were not rigorously validated, microstructural examination
rev~edthepresenceof seasonal g-rowth patternsconsistentwith
the age interpretation represented in Figure 22 and Table 31,

Sampled burbot ranged between 3 and 11 years old, with the
mode at age 5. Corresponding lengths rangedbetween 269 mm and
1,003 mm TL These lengths at age are smaller than those reported
by Hustonet al. (1984) for fishcapturedbetween1975 and1980.
There was high variability in lengths at age because times of
capture includedallseasons.

Northern !3quawfti

Scales from 17 northern sguawfish wereused for age and growth
analysis. The scale radius-body length regression line intercept
was 5.45 mm with a slope of 0.872 andcorrelationcoefficientof
0.96. Growth incrementsgraduallydecrea~I after a high in the
first year inthe reservoir (Table 32). Year six was an exception
in that it was aboutdoubletheadjacentyears,  andwastherefore
probably an artifact of the low sample size. Annular lengths were
all considerably greaterthanthose reported for other Montana
lakesald reservoirs (Carlander 1969). E&cause of low sample size
thesedata shouldbe interpretedwithcaution.
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Table 30. The calculated mean total lengths (mm) at annuli for
mountain whitefish  in Libby Reservoir, 1984 through
1987. Measurementsbasedonscaleanalysis.

at capture Annulus
Age 0 (mm) 1 2 3 4 5 6 7 8

4 190
46 247
44 278
38 313
24 344
11 360
0 0
1 365

GrandMean 133 226 277 311

108
132
131
133
139
145

224 -
221 267
230 280
228 285
236 285

306
318
317

129 260 290 306

339 -
341 357

325 342

339 356
Growth increment 93 51 34 28 17

a -

- -

- -

- -

- -

- -

- -

356 365
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Table 31. Mean length at capture of 1984-1987 age classes of
burbot collected from Libby Reservoir, 1984 through
1987. Assignment of age classes based on otolith
analysis.

Age
ChSS

Sample
size

3 269 2
4 373 2
5 449 13
6 513 12
7 553 11
8 623 6
9 650 5
10 701 3
11 1,003 1
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Table 32. The calculated mean total lengths (mm) at annuli for
northern sguawfish in Libby Reservoir, 1984 through
1987. Measuaats based on scale analysis.

--Em
atcapture Annulus

We (N) (m@ 1 2 3 4 5 6 7 8 9 10 11

2 2 200
3 1 293
4 3 304
5 4 332
6 4 348
7 0 -
8 1 485
9 0 -
10 1 500
11 1 545

GrandMean 92 166 238 283 323 358 426 455 471 494

531

531
Growth increment 74 72 45 40 35 68 29 16 23 37

78160 - - - - - - - -

98 192 267 - - - - - - -
104 171 238 280 - - - - - -
91 168 242 287 319 - - - - -
75 150 219 269 311 337 - - - -
- - - - - - - - -
110 162 224 296 344 376 410 454 - -
- - - - - - - - -
83 133 198 248 288 337 377 409 442 471
92 172 245 315 363 410 448 485 500 518
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A small sample of scales (19) frompeamouthchubs captured in
Libby Reservoir was analyzed for age andgrowth (Table 33). The
intercept of the scale radius-bodylengthregressionlinewas 9.92
mm with a slope of 0.69 and a correlation coefficient of 0.89.

Growth was greatest in the first three years of life,
graduallydwing with age. The growth increment between ages
six and seven maybe an artifact of low sample size. Carlander
(1969) reported annular lengths for peamouth chubs from other
Montana lakes including Flatheadlake, all of which were lower
than the Libby Reservoir sample. Althoughthesedata shouldbe
interpreted with caution, the large size exhibited by peamouth
chubs caught ingillnets in Libby Reservoir leads ustobelieve
thattheactualgrowth  ofthisspeciesisoutstandingand likely
mirrors their growth as determined by scale analysis.

Stomachs of various fish species capturedingillnets from
1983 through 1987 were collected and emptied into labeled plastic
vials with a formalin preservative (prior to fall 1986) or with a
95 percent ethanol solution (after fall 1986). Stomach contents
were sorted into taxonomic groups, counted and weighed.
Subsampling was used when analyzing zooplankton and other
abundant, small food items. Wet weights of all food categories
except zooplankton were measured to the nearest 0.001 g after
removing exoess water by blotting.

The majority of zooplankton ingested by fish were fragmented,
and identifiable bodypartswereusedtoestimatethenumberof
each genus within each stomach In the earliest samples (summer
1983), lengths of E!osmina spp., Diaptomus spp., Epishura spp. and
Cyclops spp. were estimated as 0.3, 0.7, 1.2 and 0.5 mm,
respectively, based on average lengths found in zooplankton
collections at the time fish stomachs were sampled. Ekginning in
fall 1983, lengths were determined directly from stomach samples.
Dry weights of these zooplankton were estimated using length-
weight regressions presented by Bottrell et al. 1976. All dry
weights were converted into wet weights using a multiplication
factor of 10. This multiplication factor is applicable for wet
weights between 10 and 300 mg (Bottrell et al. 1976), the range
most frequently found in Libby Reservoir. We assumed an average
length of 6 mm for all Leptodora spp. and used this length to
enter length-weight tables developed by Cummins et al. (1969) to
estimate the wet weights of Leptodora  spp. For stomachs collected
in summer 1983, body lengths of Daphnia spp. were estimated using
measurements of the post-abdominal claw following methods
presented by leathe and Graham (1982). Beginning in fall 1983,
Daphnia spp. body lengths were measured directly from stomach
samples.
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Table 33. The calculated mean total lengths (mm) atannuli for
peamouth chubs in Libby Reservoir, 1984 through 1987.
Measurements  based on scale analysis.

Meanlength
atcapture Annulus

Age (NJ (n'@ 1 2 3 4 5 6 7

3 1 213 72 125 178 - - - -
4 6 230 70 125 171 214 - - -
5 8 258 75 133 186 224 249 - -
6 3 273 75 139 192 228 251 269 -
7 1 332 70 117 199 240 284 316 325

G&Mean 73 130 182 222 253 280 325
Growth increment 57 52 40 31 27 45
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Species and size selection of Daphnia were expressed using
Ivlevs (1961) electivity index as presen

The index ranges from
IzedbyLeatheandGraham

(1981). -1 (avoidance of a food item) to +1
(positive selection of a food item). A value of zero represents a
food item thathasthesamecompositionintheernrironmentandthe
fish.

An index of relative importance (IFU) was calculated to
estimate the importance of particular food items in the diet
(George and Hadley 1979). TheIRIisthearithmeticmeanofthe
number, freguencyof-, andweightofa fcod item in the
diet, expressed as a percentage. IRI values range from zero to
100, with a value of 100 indicating exclusive use of a food item.
Frequency of occurrence and weight data were used to calculate
IX's for insect parts, algae, and debris.

lheshoener overlap index (Shoener 1970) was usd to determine
potential dietary overlap between species. The Shoener index
gives values from zero (no overlap) to one (complete overlap).

A total of 2,494 fish stomachs from Libby Reservoir were
collected and analyzed for food habits from 1983 through 1987
(Table 34).
In addition,

Empty stomachs (475) were notusedinthe analyses.
stomachs from all geographic areas were used to

insure that a complete sample was taken from the entire reservoir.

Stomachs from 386 kokanee captured between 1983 through 1987
were used in food habits analysis (Table 35). In all years,
zooplankton werethe mostimportantfooditems  forkokaneesalmon.
Index of Relative Importance (IRI) values ranged from 92 to 98
between 1983 and 1987.

Damia were themostimportantfood forkokaneewithrespect
to zooplankton utilization Importance values ranged from a low
of 59 in 1985 to a high of 96 in 1987. The copepods Diaptomus
were n&t in importance andnevercomprised  more than 29 percent
of the diet of kokanee.
dipteran larvae and pupae.

The other food items were primarily
The food habits of kokanee in Libby

Reservoir are similar to those in other lakes (Finnel and Reed
1969, Leathe and Graham 1981, Schneider-yin and Hubert 1987).

Monthly IRI's againshowedtheimportance of zooplankton in
the diet of kokanee (Table 36). Daphnia species were the most
important food items for all months except February when Diaptomus
became the most important. Diaptomus was also important as a
secondary food sourcebetween DecemberandApril.  Epischura, a
large copepod, was important sporadically throughout the summer
and fall months.
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Table 35. Indices of Relative Importance for food items in the stomachs of
kokanee salmon in Libby Reservoir, 1983 through 1987.

Sarqle Size: N=26 N=118 N=129 N=84 N=29
1983 1984 1985 1986 1987

ZoOPLANKtON
Daphnia
Diaptcmus
Epischura
Other plankton

TERRESTFUALINSECIS

FFiEgz
Hemiptera
otherinsects

AQUATIC INSECTS
Diptera larvae
Diptera pupae
1-w
Debris

83
10
3

1
1

74
19
5
0

0
1

0

0
1
0

59 96 72
29 2 20
6

0

1

0 1
3 0 8
1
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Table 36. Monthly Indices of Relative ImpOrtam=e for food items in the stomachs of
kokanee salmon in Libby Reservoir, 1983 through 1987.

Sample size: N=24 N=34 N=30 N=30 N=44 N=13 N=17 N=53 N=65 N=25 N=34 N=17
Jan Feb Mar Apr May Jun Jul Aug Sep 0c-t Nov E&c

zooPLANKIw
Dqhnia
Diaptomus
Epischura
Other plankton

TERRESTRIALINSECTS

FzYEGE
Hemiptera
otherinsects

AQUATIC INSECTS
Diptera larvae
Diptera pupae
I&parts
Debris

82
17
1

49
51

54
45

1

76 64
20 9

3

2

1
17
7

81 97

12 -
3

3 -
3

88 97 92
2

12 1 2

4

l-
l-

71
2

23

83
15

2

102
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Daphnia IRI values were extremely high relative to their
relative atxlndance in Libby Reservoir, whichsuggeststhatkokanee
are specific as to the type of organisms on which they feed.
Species andsizeselectionbykokaneehasbeendocumentedbyother
investigators (Finnel and Reed 1969, Leathe and Graham 1981,
Schneidervin and Hubert 1987). lXlrirqthisstudy,thedensityof
large IBphnia.Qken by kokanee showed an inverse relationship to
the population density of kokanee in the reservoir (refer to
Figure 10). It was previously shown that kokanee may exert
pressure on Daphnia populations that could lead to increased
densities of smaller plankters. For this -n, potential size-
specific selection on Daphnia by kokanee was analyzed.

Size selectivity of Daphnia by kokanee appeared to change
throughout the seasons (Table 37). Selection for the larger
Daphnia increasea from winter through summer and then decreased
again in the fall. Selectivity index values indicated that
selection was primarily for those Daphnia greater than 1.49 mm
in all seasons (Table 38) and is similartothose forkokaneein
Flathead Lake (Leathe and Graham 1981). The avoidance values for
the size class >2.0 mm during winter and spring months is
unexplainable except that it may be due to sampling error.

Stomachs from 1,080 Oncorhynchus trout (westslope cutthroat,
rainbow, and cutthroat X rainbow hybrids) captured in Libby
Reservoir from 1983 through 1987 were examined to determine their
food habits.
fooditems

Over 90 percent of the stomachs analyzed contained
All trout were combined because of the difficulty to

positively identify the species in the field. In addition, trout
species in Libby Reservoir have similar food habits (McMullin
1979, Huston et al.1984, Chisholmand Fraley1986). Trout were
also separated by size class (trout <330 mm TL and trout >330 mm
TL) as done by McMullin (1979) because ofthepotential  for food
preference differences between the sizes.

The diet of trout in Libby Reservoir was similar for all years
except 1987 (Table 39). In most years, terrestrial and aquatic
insects comprised the majority of the food for all size classes.
Trends in feeding preference werealso similar for all sizes of
trout. Feedingonzooplanktonderreased in 1985 and utilization
of terrestrial and aquatic invert&rates increased. In addition,
zooplankton was absent from the diets of both size classes of
trout in 1987. The reason for the lack of zooplankton is not
fullyunderstocd, As was shownpreviously, thedensityoflarger
Daphnia (the primary zooplankton  taken by trout) was considerably
lower in 1987 than in 1986. Because of this, thetroutmayhave
switchedtoa moreavailable foodsource.

There was some seasondl variation in the food habits of trout
in Libby Reservoir. This variation was closely related to
availability of food items in the reservoir. Zooplankton were
most important during the winter months, followed by aquatic
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Table 38. Ivlev's selectivity index for size classes of Daphnia
ingeeed by kokanee by season in Libby Reservoir, 1983
through 1987.

Season 0.0-0.49

Winter -1.0

Daphnia size classes (mm)

0.5-0.99 1.0-1.49 1.5-1.99 2.0-2.5

-LO -0.50 0.70 -1.0

Spring -1.0 -1.0 0.20 0.68 -1.0

Summer -1.0 -1.0 -0.60 0.53 0.94

Fall -1.0 -1.0 -1.0 0.72 0.77
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insects (Table 40). Inthespring, therewasaconsiderableshift
away from zooplankton to aquatic and terrestrial invertebrates.
Coleopterans and dipterans, which showed peak abundances in
emergence traps and surface insect tows during spring months, had
the highest IRI's. As emergence of dipterans subsided in the
summer, terrestrial invertebrates, especially flying ants, became
the food of choice. In October and November, zooplankton and
terrestrial and aquatic invertebrates were utilized comparably.

Mountain whilx?fish

Stomachs from 225 mountain whitefish captured in Libby
Reservoir from 1983 through 1987 were used to determine food
habits. There was littlevariationin foodhabits among seasons
for the whitefish. Daphnia were the most important food items
during all seasons (Table 41). There was some variation in the
size of Daphnia utilized. IhemeanlengthofDaphniaeateninthe
fall was considerablygreaterthan  in all other seasons which had
similar mean lengths. The reason for the increase in size of
ingestedDaphniaislikelyduetoaprogress ion in growth of the
planktor throughout the year. The greatest densities of larger
Daphnia coincide with their utilization by mountain whitefish.

Aquatic and terrestrial invertebrates made up the majority of
the remaining food items inallbutthe winter months. Carlander
(1969) suggested that because terrestrial arxJ aquatic insects were
theprimary foodsource for mountain whitefish, the utilization of
zooplanktonmay  indicatea scarcity of thelarger invertebrates.
Foodhabits ofmountainwhitefish inLibby Reservoir were similar
to those found in Flathead Lake (Leathe and Graham 1981) and in
Hungry Horse Reservoir (May et al. 1988).

Bul1Truut

Stomachs from 162 bulltroutcaptured inLibby Reservoir from
1983 throqh 1987 were examined to determine their feeding habits.
Fish species were the most important food items for bull trout
throughout the year with a combined Index of Relative Importance
value of 65 (Table 42). Fish species contributed to more than 99
percentofthetotal biomass ingestedbybulltrout.  Indexvalues
werehigh for terrestrial& aquatic invertebrates in the spring
and summer. Likely reasons forthehighvalues maybe due to an
artificial inflation of the IRI from high freguency of occurrence
andnumericparameters.

Hull trout ingested at least 10 different species of fish
found in the reservoir. Collectively, salmonids were the most
importantspeciesconsumed. Kokaneeappearedtobethe  species of
most importance to bull trout followed by Oncorhynchus trout
species, largescale suckers, andpeamouths. The only species not
takenbybulltroutwereburbotandbulltrout.
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Table 40. Indices of Relative Importance for food items inthe
stomachs of trout species captured by season in Libby
Resewoir, 1983 through 1987.
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Table 41. Seasonal Indices of Relative Importance for food items in the
stomach of mountain whitefish in Libby Reservoir, 1983 through 1987.

Sample Size: N=225 N=17 N=66 N=72 N=70
Time Period: Jan-M M-Mar A p r - J u n  Jul-Sep Ott-Nov

ZOOPIANKIW
Daphnia 76 91 66 76 73
Diaptm 0 1 0
Epischura 2 4 0 4
Cyclops 0 1
Otherplankton 1 3

TERRESTRIALINSECTS
Hymenoptera 1 1 2
Coleoptera 0 1
Hemiptera 0 1
Hcrmoptera 1 1 1 1
otherinsects 0 1

AQUATIC INSECIS
Diptera larvae 4 2 3 2 11
Diptera pupae 3 6 2 2
Diptera adult 1 1 0 1
other 0 0
r-parts 2 10

FISH
Fish parts 0 1
Debris 5 7 4 5 7
Miscellaneous 2 3 2 2
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Table 42. Seasonal Indices of Relative Importance for food items in the
sbmwhsofbull~inLlibby Reservoir, 1983 through 1987.

Sample Size: N=162 N=7 N=85 N=8 N=62
TimePeriod: Jan-Dee Dee-Mar A p r - J u n  Jul-Sep Ott-Nov

TERRESTRIAL&SECTS
Hymenoptera 1 18

AQUATIC INSECIS
Diptera pupae 30 38
Diptera adult 0 1
I-parts 1 1 4

FISH
Westslope Cutthroat
Rainbow trout
Hybrid trout
Kokanee
Mountain Whitefish
Longnose sucker
Laryescalesucker
l32amouth chub
NorthernSquawfish
Redside shiner
Yellow perch
Other fish
Fish parts
Debris
Other unid.

6
2
2

12
1
0
8
7
1
3
2
0

21
1
2

1

5
2
1

15
3
3
3
1

26
1
1

42

12
18

14
4
3

16

16
6

2

26

8
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The type of prey taken by bull trout in Libby Reservoir is
quitedifferentthanthatreported  forotherwaters. Leathe and
Graham (1981) foundthatthree speciesofwhitefishwereimportant
in summer and fall and nongame species important in winter in
Flathead Lake. May etal. (1988) found rough fishtobethe most
importantfishspecies taken inHungryHorseReservoir.
(1969) cited several examples of bull trout feeding on siz
kokanee salmon

Food habits for burbot were determined by analyzing stomachs
from
1987.

69 specimens captured in Libby Reservoir from 1983 through
Like bull trout, fishspecies werethemostimportant  food

source overall for burbot in Libby Reservoir (Table 43). At least
nine species of fish were found in stomachs ofburbotincluding
one instance of cannibalism.
be important

Larvaldipterans  were also found to

The bottom-dwelling organisms utilized by burbotattestto
theirprimarilybenthiclifestyle. Wring fall and winter months
largescale suckers were the most important fish prey, and
dipteranlarvae were an important food item during all months,
especially in fall.

During spring, yellow perch replaced suckers as the most
important food source for burbot. This shift in diet is likely
because of their proximity to each other in the spring. Yellow
perch spawn in sandy areas in the spring (April - June) when
vegetation is scarce (Brown 1971, Scott and Crossman 1975).
INring that time, yellow perch are likely concentrated in several
areas inthe reservoir, especially intheRexford  area. This is
corroborated by the sinkinggillnetrecords, shown previously.
The result is a species of fish preferred by burbot (Muth 1973,
Scott and Crossman 1975). Yellow perch will likely become
im=reasingly important to burbot if their densities inrrease.

FoodhabitsforotherfishescapturedinLibby Reservoir from
1983 through 1987 are presattd in Table 44. Species of greatest
interest  are northern  squawfish,  peamouth  chubs, and lqescale
suolQ2r-s. Tbse are the mostlikelyspeciesto interactwithgame
species because oftheirhighdensities in the reservoir and food
habits whichare similartothoseofgamespecies.

Northern sguawfish food habits were obtained from spring
through fall during the study period.
collectively the most important food

In all seasons, fish were
source for squawfish (Table

45), comprising no less than 90 percent of the total biomass
ingesed.
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Table 43. Seasonal Indices of Relative Importance for food items in the
stomachs of burbot in Libby Reservoir, 1983 through 1987.

Sample Size: N=69 N=12 N=44 N=3 N=lO
Time period: Jan-Dee Dee-Mar A p r - J u n  Jul-Sep Oc%-Nov

AQUATIC INSlEE
Diptera larvae
Diptera pupae
other
I-parts

FISH
wE&.s1ope cutthroat
Kokanee
Mountainwhitefish
Burbot
Longnose sucker
Laryesxlesucker
Peatmuth chub
Redside shiner
Yellow perch
Other fish
Fish parts
Debris
otherunid.

29
1
2
1

1
2
1
1
1

18
7
2
9
1

18
3
3

18

5
9

4

18
11
4
4

15
4
7

NA
27 43
1
3
1

NA

3

2

7
2

21
3

26
2
1

6
7
7
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Table 44. Indices of Relative Importance for food items in the stomachs of
nongame fish species in Libby Reservoir, 1983 through 1987.

Sample Size:
Species:

N=172 N=53 N=27 N=46 N=54
YP RSS

zooPLANKIW
Daphnia
Diapt-
Epischura
Cyclops
Otherplankton

- INSECTS

2lEzgr
Hemiptera
Hmptera
Other insects

AQUATIC INSECTS
Diptera larvae
Diptera pupae
Diptera adult
Other
I-parts

FISH
Hybrid trout
Kokanee
Peamouth chub
Northern Squawfish
Redside shiner
Fish parts
Debris
Miscellaneous
Other unid.

67
0

17

3
3

29
1

1
2

56

1
16
3

1
1
0
0

3

1
3

39
23

1
6
1

22
27

38
3

w NSQ = northern squawfish, CRCkpeamouth chub, YP=yellow perch, FSU=longnose
sucker, RSS==-r&ide shiner, CXJ=largescale sucker.
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Table 45. Seasonal Indices of Relative Importance for food items in the
stomachs of three nongame fish species in Libby Reservoir, 1983
through 1987.

Species
Dec.- March April - June July - Sept. Ott - Nov
NSQ%'SU CRC NSQ CSU CRC NSQ CSU CRC NSQ CSU CRC

ZOOPIANKION
Daphnia
Diapknus
Epischura
cyclop6
Other plankton

TEDRESTRIAL INSECTS

F?EgF
Hemiptera
Hcrmoptera

AQUATIC INSECI'S
Diptera larvae
Diptera pupae
Diptera adult
other
Insectparts

FISH
Peamouth chub
Redside shiner
Fish parts
Debris
Miscellaneous
Unidentified

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

66

11

11
11

34

20

46

2
33

5
7

3
2

44
2

3

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

67

3
3

2
8

9

1
6

43
1

1

1

5
5

17

27

83

1
1
4

89
1

22

28
2

34
6
7

N?i
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

68

2
2

16

4

8
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It was impossible to assess specific food habits of northern
sguawfish from Libby Reservoir because of the high percent of
empty stomachs (47percent) andthea- state of digestion in
all but two of the stomach samples. Other authors (Carlander
1969, Brown 1971, Gray et al. 1982, and May et al. 1988) noted the
potential for predation by northern squawfish on young salmonids.

Peamouth chubs were consistent in their choice of Daphnia
(mean length = 1.70 mm) as a primary food source. Index of
Relative Importance values were greater than 65 in all seasons
except winter when unidentified fish species were most important.
We found no literature to suggest that piscivory might be common
to peamouths, but Brown (1971) suggested peamouths may
occassionally feed on small fish. Aquatic, and to a lesser extent
terrestrial, invertebrates comprised the majority of the remaining
preyconsumedbypeamouthchubs inLibbyReservoir.

It was important to analyze food habits oflarg=le suckers
because of their relatively high utilization of Daphnia. Daphnia
wasthemostimportantfoodsource for largescale  suckers in all
seasons in which they were captured. Zooplankton collectively
comprised an IRI value of 76 throughout the study period and
values were ashighas 89 duringthespringseason.

The Shoener index of dietary overlap was determined for all
species of fish that were collected for foodhabits analysis in
LibbyReservoirduringthestudyperiod. Thepurposeofthe index
was to show possible interspecific competitive relationships or
community structures. Some ambiguities have been related to
combinations of diet measures and dietary overlap indices (Wallace
1981). For this reason, the Shoener index was based on average
weights of food items found in the stomachs. This combination
probably more closely parallels caloric intake of each food item.

Because of the wide variety of prey preferences for fish in
Libby Reservoir, and probability of low index values for some food
items, specimenswereseparatedintotwogroups. The first group
contained those fish that were considered to be primarily non-
piscivorws based on initial analysis of stomach samples and the
work of several other researchers (Carlander 1969, Brown 1971,
Scott and Crossman 1973). Group two included all species that
were foundtohave fish inanystomachs.

Very little overlap occurred among the non-piscivorous fish
(Table 46). Overlap index values ranged from a low of 0.11
between redside shiners and large-scale suckers to a high of 0.95
between mountain whitefish and largescale suckers. With respect
togame species, kokaneeandmountainwhitefishwerethe only two
species to show ahighindexvalue (0.90). Inaddition, these two
species overlapped considerably with largescale  suckers (0.93 and
0.95 for kokanee and mountain whitefish, respectively). The most
common food item for all these species was zooplankton.
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Table 46. Shoener index values of dietary overlap for eight
species of fish considered to be primarily non-
piscivorous from Libby Reservoir, 1983 through 1987.

YP

Kok 0.19 0.93 0.13 0.05 0.53 0.90 0.24

0.25 0.26 0.36 0.43 0.31 0.53

0.20 0.11 0.54 0.95 0.31

YP 0.07 0.21 0.18 0.27

R S S 0.15 0.13 0.76

0.56 0.35

0.32

s/ Kok = kokanee, Trt = Oncorhynchus trout species, Csu =
largescale suckers, Yp = yellow perch, Rss = redside
shiners, Crc = Feamouthchubs, Mwf = mountain whitefish, Fsu
= long-nose suckers.
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~~,m~~inwhitefish,ardlargescdlefllckersw~ed
zooplankton as 99.1, 86.4, and 92.5 percent, respectively, of
their total biomass intake (Table 47). Daphnia were the most
important zooplankton taken by each of the fish species. Both
percent of total weightardmeanlengthsof Darhnia ingestedwere
similar forkokaneeandmountainwhitefisb  lhepercentweightof
Danhnia ingestedwaslower forlargescalesucluxs,  although the
mean lengths of Daphnia found intheirstomachs were similar

The h igh  Shoener indexvalues, similarpercentbiomasses, and
mean lengths of Daphnia in the stomachs of the three species
suggest a potential for interspecific competition. Kokanee are
well known for their preference of cladocerans as a food source
(Collins 1971, Rieman and Bowler1980, Leathe and Graham 1981).
Moutain whitefish also prey heavily on crustacean zooplankton
(Scott and Crossman 1973, May et al. 1988). In addition,
largescale suckers of all sizes, especially juveniles, are known
to feed heavily on zooplankton  and also may feed on kokanee eggs
(Carlarxder  1969, Brown 1971, Scott and Crossman 1973).

Many dissimilarities exist among the three species that may
suggest little competition in Libby Reservoir. Largescalesuckers
commonly oc!cupy - close tothe substrateardnearshoreasdo
mountain whitefish (Scott and Crossman 1973, and section on
tertiary production in this report), while gillnetting in Libby
Reservoir has shown that kokanee are primarily limnetic.
Largescale suckers arealsodifferentfromthe other speciesin
that they feed heavily on the copepod Cyclops in Libby Reservoir.

Godfrey (1955) found that mountain whitefish fed on limnetic
plankton mostly when bottom organisms were scarce and that in
those instances,
densities.

whitefish were commonly at low population
Based on netting data, whitefish densities also appear

to be low in Libby Reservoir. These different characteristics of
the three species suggestthatthereis some spatial separation
and feeding mechanism differences that probably keep the three
species from competirqdirectlywitheachother.

Although the Shoener indexforOncorhynchustroutandkokanee
was relatively low (0.19) when the entire year was considered,
there was some overlap seasonally. For mostoftheyear, trout
and kokanee showed little diet overlap (Table 48). Ixzring spring
and summer, trout fed more on terrestrial and aquatic
invertebrates than did kokanee. In the fall months, fish
species (mostly peamouth chubs, redside shiners and northern
squawfish) also became important in the diet of trout.
this same time, kokanee fedprimarilyon zooplankton.

During

An overlap index value of 0.85 for trout and kokanee occurred
in the winter months and involved primarily zooplankton. However,
intense competition probably did not occur between trout and
kokanee for the following reasons: (1) utilization of zooplankton
by both species may have caused the index to be artificially high
because of the numeric parameter; (2) mean lengths of Daphnia
ingested by trout were considerablygreaterthanthosetakenby
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Table 47. S of biamss ard mean l@d~ (mn) of zocplarkb~ types
ingested by three species of fish in Libby Reservoir, 1983
t3lrcl@ 1987.

Q?’
li?xumt Mean Ezcent Mean W%

QClCp3
F+srmnt Mean

species ,bianasslergthbi~l~b~ le@~bianass length

84.5 l.71 10.2 L23 4.0 125 - -

whhfish 85.1 1.78 LO L16 1.3 - - -

-e
53.9 283 - - L3 La3 38.6 -
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Table 48. Seasonal Indices of Relative Importance for food items in the
stomachs of Oncorhynshus trout species and kokanee in Libby
Reisemoir, 1983 through 1987.

Timeperiod: kc-Mar
SPP:

A p r - J u n  J u l - S e p  Ott-Nov
Trout Kok Trout Kok Trout Kok

Sample Size:
Trout Kok

N=109 N=105 N=264 N=87 N=88 N=135 N=419 N=59

ZOOPLANKTON
Daphnia
Diaptcxrms
Epischura
Cyclops
Otherplankton

TERRESTRIALINSECTS
Hymenaptera
Coleoptera
Hemiptera
Homoptera
otherinsects

AQUATIC INSECIS
Diptera 1-e
Diptera pupae
Dip- adult
other
I==tparts

FISH
Hybrid trout
Kokanee
Peamouth chub
NorthernSquawfish
Redside shiner
Fish parts
Debris
MisCellaneauS
Other unid.

61
1

1
2
0
3
3

1
3
4
2
5

11
1

65
34
0

1

7

1

11
17
3
2
6

2
11
3
1

29

0
6
0

72
12
2

0
0

1

2
8

3

27
1
1
0
2

93

6

0

28
0
2
0
2

25 5
6 6
3 3
6 7
4 6

1
2
5
1

10

0
0
1
1
0
1
1

0

1

0

3
1
6
6

10

3

78
2

16
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kokanee (1.70 mm and1.48 mm, respectively): and (3) alternative
food items appearedtobe species specific. T;;tgEzE
feedonaquatic,andtoalesserextentterrestr
while kokanee utilized Diaptomus as an important'secondary  food
soulce.

Many of the fish species from Libby Reservoir that showed
piscivorous tendencies were found to have high Shoener index
values (Table 49). High overlap values were seen among bull
trout, burbot, northem squawfish, and yellow perch The combined
oncorhynchus trout species showed little diet werlap with any of
the other piscivorous species.

Because of the amount of digestionthathad occurred in the
stomachsofmostpiscivorousspecies, directcomparisonswereonly
possible between bull trout and burbot. Both specfes preyed on
all of the potential forage fish in the reservorr, although
proportions of prey consumed were different (Table 50). Bull
trout fed on ten species of fishbut concentrated on four. The
most important prey for bull trout -- in decreasing order of
percent biomass -- were kokanee, largescale suckers, trout
species, andpeamouthchubs. Burbot concentrated on three forage
fish species and the order of importance in terms of biomass was
largescale  suckers, yellow perch, and peamouth chubs.

These differences in prey species suggest differences in
feedingstrategiesbetweenbulltroutandburbot.  Burbottendto
be bottom dwellers and opportunistic (Scott and Crossman 1973,
Muth 1973). Laqescale suchrs and yellow perch also tend to be
bottom dwellers, especially the suckers. In contrast, bull trout
inLibby Resexvoirarecommonly  foundincpenwaterduringmostof
theyearandaroundthe shorelineduringsummerandfallwhenthey
begin spawning movement. This islikelythe reason why kokanee
and trout species make up almost one-half of the total biomass
eatenbybulltmuL

As discussed above, poor stomach samples made it impossible to
determine any specific correlations between mostpiscivores and
the prey species they consumed. Although May etal. (1988) also
found a high Shoener index value for bull trout and northern
squawfish, they considered competition unlikely. With respect to
Libby Reservoir, continued examination of piscivore stomachs 1s
needed to more fully understand their food and feeding habits.
This is especiallytruewiththe recent introductionof another
potential predator, theKamloopsrainbowtrout

YOUIXJcreek,tiibutarytOLibby Reservoir, is situated 5 km south
of the Montana-British Columbia border, and drains a 120 sq km
basin of the Purcell Mountains. The stream is 17 km long, and
median annual low and high flows range from 5 to 100 cfs,
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Table 49. Shoener index values of dietary werlap for five species
of fish that utilized fish as a food source from Libby
Reservoir, 1983 through 1987.

Bull trout

Blxbot

0. 99

Trout Northern
species squawfish

0.30 0.98

Yellow

0.84

Blxbot 0.17 0.98 0.85

onwrhynchus
Troutspecies 0.20 0.30

Northern
squawfish 0.87

.
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Table 50. percent biomass and percent frequency of occumx~ of
individual fish species found in the diets of bull trout
and burkot from Libby Resewoir, 1983 through 1987.

Species

Bull trout Burbot
~cP=w Frequency

Percent of percent of
biomass occwrence biomass cccurrenw

oncorhyn~~
Trout species 21.5
Kokanee 26.3
Mountain whitefish 1.1
Burbot --
Longnose sucker 0.3
Largescale sucker 22.0
Peamouth chub 10.0
Northernsquawfish 1.2
Redside shiner 1.3
Yellm perch 1.6
Unidentified fish parts 14.1

6.9
7.8
0.9
--

0.9
1.7
8.6
1.7
4.3
3.4

49.1

2.5
3.7
1.2
1.2
0.7

53.9
9.0

1.4
9.3
15.0

2.0
3.9
2.0
2.0
2.0
3.9

13.9
--
3.9

15.7
45.1

122



respectively. Young Creek has been used as a test stream for
evaluating the feasibility of establishing spawning runs of
westslope cutthroat trout in tributaries to the reservoir.
Management activities in Young Creek have included removal of
migration barriers, chemical treatment of 11 km of the headwaters
with rotenone, and annual imprint plantings of about 50,000 young-
of-the-year westslope cutthroattroutper 300 m of stream from
1970 to 1975.

An up&ream box trap and a downstream Wolf-type trap (Huston
et al. 1984) were operated in Young Creekbetween 1970 and1987.
The trap structure islccatedabout100  m upstream from the full
pool elevation of Libby Reservoir.
between years.

The dates of operation varied
During certain periods workers were on site 24

hoursadaytoensure that debris and peak flows did not interfere
with trapping efficiency.

Migratory trout havebeen captured inbi-directionaltraps in
Young Creek in all years since 1970, except for 1980 and 1981.
Resultsofthetrappingare summarized in Table 51. The duration
of upstream and downtream trapping periods, and the effort
expended in trapping each year were not equal. This disparity
precludes standardizingtotalcatchesbetween  years. Comparisons
made on the basis of daily catch rates are also inappropriate
SincerUn streqthonagivenday inaspawningperiodvarieswith
dischargeandtemperature.

Migrants caught in the first three years of trapping in 1970
1971, and 1972, were considered to be residents of the Kootenai
River. The increases in adult captures from 1970 to 1972 were
probably the result of the removal of migration barriers in Young
Creek None of the fish caught in thosethreeyears were allowed
to pass beyond the trap. The post-1973 migrants were therefore
consideredtobelargelytheprcducts  of
plantings.

reservoirtiYoutqCreek

Huston et al. (1984) estimated the one year survival of
young-of-the year cutthroat planted in fall 1972 to be about 42
peroent- Results of the plantings are evident in the period from
1973 to 1977 in which the numbers of adult cutthroat captures
increased from 102 to 679.
considered represen

The captures in 1978 are not
tative since trapping was terminated before the

spawning run normally begins. The trap was remwed in 1978 on May
3, and Huston et al. (1984) stated thatthe run normally occurs
throughout the month of May.

Captures in 1979, 1980, 1983, and 1984 were fairly similar,
but roughly half the size of the 1976 and 1977 peak In the years
1985, 1986, and 1987, there were substantial reductions in adult
captures.
since 1972.

The number of adults captured in 1987 wasthelowest
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Table 51. Summary of migratorytroutcaptures in upstream and
downstream traps in Young Creek, 1970 through 1988.

Number of days
trapoperable
arddatesout- upstream Downs-
migrantandin- migrants migrants
migrant traps Captured captured

YEll? were in place adults adults juveniles

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1983

1984

1985

1986

1987

90 ( 5/5- 6/ 3)
(4/16- 7/29)

33 (4/26- 5/29)
(41 F 7/21)

42 (4/27- 6/ 9)
(3/17-11/13)

50 (4/21- 6/10)
(4/ 6 g/w

65 (4/29- 7/ 2)
(4/ l-10/ 3)

57 (5/13- 7/ 9)
(4/16- 7/29)

42 (5/ 7- 6/18)

36 (4/28- 6/12)

31 (4/ 3- 5/ 3)

69 (5/ l- 6/14)
(5/30- 6/15)

88 (4/ l- 6/30)
(5/20 -8/16)

80 (6/ 6- 7/18)
(4/21- 6/ 8)

218 (4/10-11/14)

77 (5/ 2- 7/18)

54 (4/30- 6/22)
(4/30- 8/29)

48 (4/28- 6/15)
(5/18- 7/16)

21

57

90

102

229

281

692

679

3

315

367

260

354

71

65

56

8 498

4 134

4 352

32 1408

92 1558

205 1341

? ?

3 276

- Me

126 236

204 1853

152 1612

227 1330

52 1280

79 1930

33 596
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Huston et al. (1984) offer the following explanations for the
declining spawning populations in Young Creek:
angler harvest in Young Creek;

(1) increased
(2) deterioration of habitat

quality in Young Creek from human development and forest
management; (3) cessation of imprint planting inYoung m; and
(4) decreased survival of Young Creek cutthroat in the
-Oil-.

An additional factor may be the mortality and stress that the
long-term trapping program itself imposes on the Young Creek
spawning population.
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1. The effects of the deep drawdown in 1988 and 1989 shouldbe
thoraughlY researchedtodocumentits impactonthereservoir
fishery.

2. Continue to develop and implement strategies to evaluate and
refine the model from 1988 through1992.This will increase
the predictive capability and therefore usefulness of the
model.

3. Refine the annualhydroacoustic estimate through the use of
dual-beamech~equipment

4. Emphasize data collection to address system variables and
trophic level interactions. An example of a critical variable
not fully researched in Libby Reservoir is the reservoir
hydraulics. This variable directly affects primary production
and may influence all trophic levels - even fish distribution
and predation rates. An example of trophic level interactions
that may be critical in Libby reservoir are the interplay
between Dama die1 vertical distribution, kokanee activity
patterns and reservoir hydraulics. Itwouldalsobedesirable
to more closely quantify surface insect deposition using
floating insect traps.

5. Emphasize collection of data on peamouth age, growth, food
habits and interactions with other fish species. The peamouth
is numerically the mostimportantfish inLibby Reservoir and
its numbers are apparently increasing. The status of the
Kamloopsrainbowtrout,brilltroutandnorthern~wfishand
their feeding habits should continue to be monitored as
closely as possible.

6. Rvaluate the timing and significance of fish entrainment
through the Libby Dam turbines. This information can be used
tolinkthe reservoir andriverfisheq.

7. The effects of dam operation the KooteMi Riverfisheryshould
be investigated beginning in 1990. Once effects are
determined, themodelcanbeusedto evaluate and recommend
dam operations that will optimize the river and reservoir
fish- Investigations on the Kootenai River should include:
(a) Instream Flow Incremental Methodology (IFIM) work on the
river channel: (b) habitat suitability investigations on
rainbow, bull trout, mountain whitefish andburboti  (c) creel
surveys; and (d) investigation on the rate of delta formation
at the mouth of tributaries. This work will address program
measures 903(b)(1,3), 903(a)(6), 903(d) and 903(e)7 in the
1987 Fish and Wildlife program.
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APPENDIXA
Figures Al Wmxqh A7

HydmlogiccharactzeristicsofLihbyIzlese;rvoir,
1983 4&rom#1 1987.



Figure Al. Relationship  of Libby Reservoir surface
elevation (feet) to' area (mega acre feet).
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mw suality parameters fortkeeshdy-
of Libby I&sexvoir, 1987.
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Figure B7. Water temperature profiles (2Oc) at reSerV0i.r elevations in the
Tenmile area of Libby Reservoir, 1987.
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Figure B9. Water temperature profiles (2OC) at reservoir elevations in the Tenmile
area of Libby Reservoir, 1987.
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area of Libby Reservoir, 1987. Each line represent 10 percent
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Table Cl. Surface invertebrate density in no./ha. (standard deviation) by Order, in the Terunile  area of Libby Reservoir during 1983.

Terrestria13/ Aquati-IN

Date Grand

Sites co1 Hem Hom Hym Ara Other Total Dip Other Total N Total

Aug.
Near shore
Limetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

Dec.
Near shore
Limnetic

. . . . . .

. . . . 8cl3.3)

14(29.0) -- 18(35.0) . . l&20.3) 9(11-l) 58C93.6) 2Ot27.4)
. . . . 9Cll.l) 3C6.0) 3C6.0) 18(22.5) 32c35.7) 23(19.2)

3t6.0) -- 6tll.5) 3C6.0) 3t6.0) 3c6.0) 17(11.5) 6C6.9)
6C11.5) 3t6.0) 3c6.0) 3t6.0) 3c6.0) 3C6.0) 20(20.0) 9(11.1)

. . 6C8.5) -- 6(8.5) 6c8.5) . . 18C7.8) 18C7.8)

. . 18C7.8)  -- . . 6C8.5) . . 23CO.O) 12(0.0)

. . . . . .

. . . . . .

124c41.0) 4C6.9) . . 127(43.6) . .
691C831.3) 4c6.9) 4t6.9) 707c858.5) 4C6.9)

. . .I

. . . .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

. .

3
. .

4C6.9)

4
2OC27.4)
23C19.2)

4
6C6.9)
9(11.1)

2
18C7.8)
12(0.0)

2
. .
. .

127
711

78
55

23
29

35
35

. .

. .

d co1 = Coleoptera; Hem = Hemiptera; Hom = Homaptera; Hym = Hymenoptera; Ara q Arachnida; Dip = Diptera.



Table C2. Surface invertebrate density in no./ha (standard deviation) by Order, in the TermiLe area of Libby Reservoir during 1984.

TerrestrialP/ Aquaticg
Date
Sites

Jan.
Near shore
Limnetic

Mar.
Near shore
Limnetic

Apr.
Near shore
Limnetic

May
Near shore
Limnetic

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

-
HcMll HV Ara Other Total Dip

Grand
Other Total N Total

. .

. .
. .
. .

. .

. .
. .
. .

. . . .
6c11.5) . .

35C41.3) 3C6.0)
2OC33.5) 3C6.0)

. .

. .
. .
. .

17C18.6)
3C5.3)

l(4.0)
S(6.3)

12C14.7)
6C14.3)

17C32.5)
. .

4C6.9)
. .

. .
4t6.9)

109C138.2) 241C87.2) 985c221.7) 372C184.6) 31C17.8) 35C35.0) 1771C200.1)
Sl(77.6) 213C299.3) 574C588.8) 116c117.7) 2OC13.3) 4C6.9) 977t980.4)

-. . .
. . . .

. . . .

. . . .
. .
. .

. . . .

. . . .

-

. . . .

. . . .

. . . .

. . . .

3C6.0) 6C6.9)
3C6.0) 6C11.5)

9(11.1) 70(81.1)
. . 70(80.8)

. . . .
2C4.9) 2C4.9)

14(19.9) 16C21.7)
12C16.5) 12(15.5)

16C17.6) 418C483.3)
8C9.5) 120(113.9)

. . 4C6.9)
4C6.9) --

. .

. .
. . . .
. . . .

. .

. .
. . . .
. . . .

3C6.0) . . 12C9.4)
3C6.0) . . 18C22.5)

3C6.0) 3C6.0) 122t143.9)
6C11.5) . . 99C114.4)

6c9.7) . . 6c9.7)
2C4.9) . . 6C6.6)

lO(18.0) . . 58t60.4)
4C6.0) l(4.0) 36C27.5)

9
14t19.31  l(4.0) 16C18.61
18(30.2)  -- 18C30.2)

2C4.9) 29C45.1) 494C501.8)
2t4.9) 14C17.2)  149C128.3)

6
86(92.6) 4t6.2) 89c97.8)
23C45.8) 8C11.9) 31(54.0)

. . . . 8t13.3)

. . . . 8c6.9)

3
23(11.5) 8C13.3) 31c17.8)
4C6.9) -- 4C6.9)

3
93C64.8) 23C11.5) 116C72.9)
54C75.1) 23C20.2) 77t88.6)

3
. . . . . .
. . . . . .

2
. . . . . .
. . . . . .

4
93C155.3) -- 93(155.3)

288C544.9) - - 288C544.9)

4
166t192.4) 12C23.5)  177(215.8)
46(47.3) -- 46C47.3)

6
4C6.2) -- 4C6.2)

33(39.4) -- 33C39.4)

1
. . . . . .
. . . . . .

. .

. .

. .

. .

105
305

299
145

10
39

74
55

584
180

39
12

df Co1 = Coleoptera;  Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C3. Surface invertebrate density in no./ha (standard deviation) by Order, in the Termile area of Libby Reservoir during 1985.

Terrestrialu Aquati&
Date Grand
Sites co1 Hem Horn HV Ara Other Total Dip Other Total N Total

Apr.
Near shore
Limnetic

2
337(362.0) 558
674(328.8) 826

7
221(124.91 649
118(79.6) 420

6
12(14.7) 105
lO(11.3) 132

6
66(94.3) 280
ll(16.5) 116

6
444(640.5) 10667
26(35.5) 6968

6
21(27.7) 1307

. . 135

3
ll(9.2) 48

. . 37

2
. . . .
. . . .

87(41.0)
35(17-O)

. . 46(48.8)

. . 87(41.0)
88(24.7)
29(8.5)

. . 220(65.8)

. . lSl(32.5)
308(353.6) 29(8.5)
657(321.0) 18(7.8)

. .

. .

May
Near shore
Limnetic

168(238.3)
77(106.8)

17(23.1)
3(8.7)

lOS(164.3) 106(151.3)
llO(245.2) llO(187.0)

32(59.2)
3(8.7)

2(4.5) 428(524.6)
. . 302(445.6)

179(123.4) 42(56.4)
llS(81.7) 3(5.9)

June
Near shore
Limnetic

43(36.5)
60(76.0)

lO(8.7)
12(14.7)

8(11.9) 8(9.5)
4(6.2) 21(52.3)

24(25.5)
25(30.7)

2(4.9) 93(68.7)
. . 122(167.5)

lO(15.4) 2(4.9)
6(9.7) 4(6.2)

July
Near shore
Limetic

66(133.2)
20(27.9)

lS(24.4) 85(85.7)
30(31.0) 28(34-S)

8(13.4)
. .

. . 214(302.3)
3(6.5) 106(90.7)

64(89-l) 3(6.5)
ll(16.5) --

39(67.6)
25(28.3)

Aug.
Near shore
Limnetic

lO(25.7)
S(8.3)

24(32.8)
ll(19.4)

16(10.1)10164(20919)
24(37.1) 6902(12759)

3(6.5)
. .

5(13.1)10222(20973)
. . 6942(12814)

442(636.1) 3(6.5)
26(35.5) --

Sept.
Near shore
Limnetic

13(32.3)
. .

56(106.6)
18(32.3)

333(755-S) 865(2072)
32(49.1) 79(124.6)

16(38.8)
S(13.1)

3(6.5) 1286(3011)
. . 135(210.4)

ll(19.4) lO(25.7)
. . . .

Oct.
Near shore
Limetic

ll(18.5)
S(9.2)

. . S(9.2)
S(9.2) S(9.2)

16(27.7)
21(18.5)

S(9.2) 37(39.7)
. . 37(32.9)

. . ll(9.2)

. . . .
. .
. .

Nov.
Near shore
Lirmetic

. .

. .
. .
. .

. . . .

. . . .
. .
. .

. . . .

. . . .
. . . .
. . . .

ti Co1 = Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C4. Surface invertebrate density in no./ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1986.

Terrestrial3
Date

Aquatic3

Sites
Grand

co1 Hem Horn HW Ara Other Total Dip Other Total N Total

Apr.
Near shore
Limnetic

May
Near shore
Lirmetic

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

Dec.
Near shore
Limnetic

53C50.9) 16(0.0)
21t18.5) S(9.2)

13OC163.7) S(13.1)
169c311.5) 21C51.8)

48C50.2) . .
8C8.8) . .

19C18.7) 3C6.5)
ll(13.1) . .

3C6.5) 3C6.5)
8C19.6) . .

. .

. .

3C6.5) 3C6.5)
. . . .

. .

. .

. .

. .

. .

. .

. .

. .

. . 42C39.8)

. . S(9.2)

3C6.5) 69C95.6)
. . 4OC66.5)

. . 3C6.5)

. . 8(8.8)

48C78.9) S(8.3)
16C20.2) ll(13.1)

3t6.5) 24C22.1)
. . 48C49.2)

. . S(8.3)

. . 3C6.5)

19C18.7) 3C6.5)
ll(16.5)  --

. . . .

. . . .

. . . .

. . . .

16C27.7)
. .

. .

. .
127(111.1) 32C16.0) 21C36.4)
32C16.0) S(9.2) --

8C13.4) . . 214C285.0) 299t272.4) 8C8.8)
S(13.1) . . 235C437.6) 214C214.9) 3C6.5)

8C13.4) . . 58t67.6)
8C8.8) S(13.1) 29C25.4)

. . . . 74C83.7)
3C6.5) . . 4OC27.7)

. . 3C6.5)

. . . .
34C23.3)
56C49.9)

3c6.5) S(13.1)
. . . .

66C106.0) --
S(8.3) 3C6.5)

29C48.6) --
S(8.3) --

. .

. .
S(8.3) 10~25.7)  5C8.3)
3c6.5) S(8.3) --

3C6.5)
3C6.5)

. .

. .

. .

. .

. .

. .

. .

. .

29C30.7) 16(31.6)  --
13C15.7) 3c6.5) --

. .

. .

. .

. .

. .

. .

. .

. .

16(16.0)  --
16(27.7)  --

8C11.3) --
. . . .

3
53(50.9)
5C9.2)

6
307C267.5)
217(220.5)

6
8(13.4)

. .

6
66C106.0)
8C8.8)

6
29C48.6)
5t8.3)

6
16C31.6)
S(8.3)

6
16t31.6)
3C6.5)

3
16C16.0)
16C27.7)

2
8t11.3)

. .

180
37

521
452

66
29

140
48

64
61

21
8

45
16

16
16

8
. .

i!l Co1 = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hyrn  = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C5. Surface invertebrate density in no./ha  (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1987.

Terrestrialg -k/Aquatic
Date Grand

Sites co1 HellI HOIll HF Ara Other Total Dip Other Total N Total

3
270(217.9)
328(568.1)

Mar.
Near shore
Limnetic

275
328

S(9.2)
. .

. . S(9.2)

. . . .

S(9.2)
. .

. . 1079(410.8) 307(352.9) - -

. . 1339(869.5) 365(247.7) ll(9.2)

16(0.0)
S(9.2)

. . 21(9.2) ll(9.2) ll(18.5)

. . 16(16.0) ll(9.2) --

ll(9.2) . . 27(18.5)
. . . . ll(9.2)

S(9.2)
. .

S(9.2) 3407(4975) 206(215.0) - -
. . 1079(1159) 95(165.1) --

S(9.2)
S(9.2)

S(9.2) 53(78.4) 37(32.9) --
. . 132(165.0) 16(16.0) S(9.2)

270(217.9) - -
328(568.1) - -

. . . .

. . . .
. . . .
. . . .

212(198.6) 90(78.4) . . 772(171.1)
259(111.4) 132(112.5) . . 947(653.9)

. . . .

. . . .
S(9.2) --
ll(18.5)  --

. . . .

. . . .
16(16.0) --
ll(9.2)  --

July
Near shore
Limnetic

259(119.1) - -
196(107.8) ll(18.5)

16(27.7) 3122(4888)
37(50.9) 836(1104)

Sept.
Near shore
Limnetic

. . S(9.2) 32(54.8) S(9.2)

. . S(9.2) lll(141.3) ll(18.5)

3
307(352.9)
376(243.2)

Apr.
Near shore
Limnetic

1386
1714

3
21(24.4)
ll(9.2)

May
Near shore
Limetic

43
27

3
S(9.2)

. .

June
Near shore
Limnetic

32
11

S(9.2) --
. . . .

3
206(215.0)

95(165.1)
3614
1175

3
37(32.9)
21(24.4)

90
153

ti Co1 q Coleoptera; Hem = Hemiptera; Hom q Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C6. Surface invertebrate density in no./ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1983.1987.

Date

Sites co1 Hem

Terrestrialg Aquati& Grand

HoIll HWl Ara Other Total Dip Other Total N Total

Jan.
Near shore
Limnetic

Mar.
Near shore
Limnetic

Apr.
Near shore
Limnetic

May
Near shore
Limnetic

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Sept.
Near shore
Limnetic

Dec.
Near shore
Limnetic

3. . . . . . . .
. . . . . . . .

. .

. .
. .
. .

. .

. .
. .
. .

. . . .

. . . .

81(122.7) 26C51.3)
78Cl20.2) 34C76.2) II:::; 213C346.0)

254(503.2)

lOS(l72.2) 8C16.2) 40(104.6) 72ClO9.2)
82c183.3) 8C28.6) 40(147.6) 64cl21.9)

w;.

':IEz;.

13C25.4)
3ClO.9)

g-;;
3c6.6)

. 9f27.9)

53f94.0)
34f72.0)

23(43.6) 419(1780) 7Cl3.3)
21(26.7) 119f428.0) 2c5.0)

10(12.9) 3048Cl1435)
lO(21.8)  2119(7101)

7c20.4)
. .

::1z-:;.

. .

. .

. .

. .

I~;;;.;,
.

48(101.1)
42C138.5)

193(401.2) 73C163.4)
113c313.9) 24C63.2)

$IZ

. .

. .

. . 2C4.2)

. . . .

. .
. .
. .

3f7.2) . .
. . . .

. .

. .

l(3.7)
. .

5
3c7.2) 162c213.4) - - 162t213.4)

. . 197f440.1) -- 197(440.1)

12
342(486.4) 167C237.7) lO(20.2)  177f240.0)
374c691.9)  298c386.8) 6C8.6) 304t390.31

20
242(367.9) 187(197.9) 2lC37.3) 208(200.0)
199c356.3) llS(l43.0) 2c4.9) 117(145.4)

12fl7.2)
lO(l9.1)

lC2.6) 49c60.2) S(9.8)
2c7.0) 46(98.4) :I:-:;ll(24.9) .

520(1850)
185c489.0)

$4w;'~;' ;;;.g
.

. .

. .

165
197

519
677

450
316

:8

386
218

12

4
. .

21
8(11.3)
12c24.9)

24
w&96;'

21
'~;w~49$~

.
ll(26.6) 3090(11464)  1W%;;2i$' s$.;;
4ClO.8) 2143(7131) . .

22

%fii ) 3c6.8) 371(1578)
3(10.9)

18c23.6) 5C14.4)
62Cl30.9) 8cl3.2) l(3.4)

2;;%4".$;

16

::I::-:;.

8
I;;;~.;;

;[;9i;' 354C707.3) 25c45.6) 6ClO.8)
200(526.3) 13c34.8)  4C12.0)

. . 4c8.6)

. . 6ClO.6)
I;;;~.;; --. .

. . . . 4c8.0) --. . . . . . . .
4

4c8.0)
. .

2' Co1 = Coleoptera; Hem = Hemiptera; Hom q Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C7. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford  area of Libby Reservoir during 1983.

Terrestrialti Aquati&
Date Grand
Sites co1 Hem Hoal Hm Ara Other Total Dip Other Total N Total

Aug.
Near shore
Lirmetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Linnetic

Dec.
Near shore
Limnetic

. .

. .

4C6.9)
. .

6C6.9)
12C23.5)

. .

8C6.9)

. .

. .

. .

. .

. .

. .

. .
3C6.0)

. .

. .
. .

19C26.9)

. .

19C26.9)

. .

. .
. .

38C54.4)

. . . .

. . . .

8cl3.3)
. .

4l6.9)
16C6.4)

12(11.5)
. .

4C6.9)
27C26.6)

3lCl7.8)
43C24.4)

8C13.3) --
12C20.2)  --

. . . . 6c6.9) . . 12C9.4) 6C6.9) --
23c25.0) 3C6.0) 20(20.0) . . 61C70.7) 9C6.0) 6C6.9)

12(*****)
12(20.2)

. .

. .

. .

4C6.9)
12<*****1
23Cll.5)

23(*****) . .

16C27.1)  --

. .

. .
. .
. .

. . . .

. . . .

2
. .
. .

3
8Cl3.3)
12(20.2)

4

6C6.9)
14(11.0)

1
23(*'***)
16t27.1)

1
. .
. .

. .

38

39
54

18
76

35
39

. .

. .

ti Co1 = Coleoptera; Hem q Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C8. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1984.

TerrestrialU Aquaticy
Date
Sites co1 HMI HoIll HW Ara Other Total Dip

Grand
Other Total N Total

Jan.
Near shore
Limnetic

Mar.
Near shore
Limnetic

Apr.
Near shore
Limnetic

May
Near shore
Lirmetic

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Lirmetic

Oct.
Near shore
Limnetic

2
. .
. .

. .

. .
. .
. .

. .

. .
. .
. .

. .

. . . .
. . . .
. . . .

. .
9(ll.l)

. .

. .
14(17.4) 23c46.5) 3f6.0) 9Cll.l) SO(63.4) 3t6.0) --
12fl6.5) 2Oc27.4) . . 12c9.4) 52c39.7) 24c21.4) --

6cll.5) . .
. . . .

12cl6.5) 9(11.1) . . 26c38.2) 465(461.0) 6(11.5)
3c6.0) 9(11.1) 3c6.0) lS(22.2) 6lOC875.4) - -

3c6.0) . .
3c6.0) . .

. . . .

3c6.0) 6(11.5)

. . 3c6.0) 250(263.3) - -

. . 12(13.3) 913(1086) --

2c4.9)
. .

. .

. .
. .
. .

4C9.4) . . . .

2t4.9) . . . .
6c9.7) 16(11.9) --
2c4.9) 4C9.4) 6t9.7)

33c32.3) 4C6.2) 23cl6.5) 18C27.3) 6C6.6) 19C31.6) 103c53.8) 18(12.1)  --
lO(ll.3) 6cl4.3) 6c9.7) 6C6.6) 2c4.9) 6C6.6) 35C37.5) 12(10.3)  --

3C5.3) l(4.0) 8tl3.0) 57cl48.8)
l(4.0) . . 6(10.2) 8cl3.0)

. . . . 345(567.5) 12(20.2)

. . . . 58t80.3) 4c6.9)

19(33.5) 2Oc24.4) 353t399.6) 12(11.5)
8cl3.3) 4c6.9) 965C657.1) 3lf53.7)

. .

. .

. .

. .

. .

. .

l(4.0)
l(4.0)

. .

. .

. .

7Ocl61.8) S(8.5) --
17C24.7) l(4.0) --

357c587.7) 12C20.2) --
62c77.3) 12f11.5) 4c6.9)

403c380.3) 27c24.4) 8c6.9)
4(6.9) 1012(667.9) 43(53.7) -- 43(53.f)

. .

. .

53
76

497
625

253
924

22
12

120
47

75
18

368
77

438
1055

4
3c6.0)
24c21.4)

4
471(455.9)
610(875.4)

4
25Oc263.3)
913ClO86)

6
16(11.9)
lO(11.3)

6
18(12.1)
12(10.3)

9
S(8.5)
l(4.0)

3
12C20.2)
lS(13.3)

3
35t30.8)

d Co1 = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C9. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1985.

Terrestria@ *cdAquatic

Date Grand

Sites co1 Hem Horn Hm Ara Other Total Dip Other Total N Total

5
919(1616)

595(753.1)

4
131(84.4)

140(163.1)

6
18c20.6)
24c23.2)

6
SO(78.2)
24ll3.2)

6
98c231.9)
13cl8.7)

6
32c38.7)
29t49.6)

5
16c27.3)
ll(18.5)

Apr.
Near shore
Limnetic

114(217.1) 14t25.1) . . 2c5.4) 28t26.8) S(10.3) 163c271.3) 916(1617) 2f5.4)

Sl(66.7) -- . . . . 16c25.4) . . 68c91.0) 593(755.1) 2c5.4)
1082
663

204
212

124
124

589
328

262
349

206
318

16
16

May
Near shore

.Limnetic
12c23.5) 6(11.5) 26t52.5) 29c58.0)
14c29.0)  -- 44t87.0) lS(22.2)

. . 72(130.1) 76c92.1) 56c59.8)

. . 73cl37.6) 128(171.3)12(23.5)

. .

June
Near shore
Limnetic

29(16.0) 18(12.1) 18c21.6) 31(26.1) lO(ll.3) 2t4.9) 106(53.3) 18c20.6)  --
SO(60.1) 2f4.9) 2lc26.0) 2lc22.5) 6t9.7) . . lOl(91.8) 2Oc22.8) 4c6.2)

July
Near shore
Limnetic

“r
0 34C21.9) 148c238.7) 316(686.0) 42c47.9) . . . . 539C806.0)

12(18.3) 55c62.3) 186(175.8) 44c53.4) 3l6.5) S(7.3) 304t270.5)
44c67.3) S(l3.1)
16l10.7)  8ll9.2)

Aug.
Near shore
Limnetic

. . 5c8.3) 29C63.9) 13OC254.1)
5f8.3) 8f8.8) ll(13.1) 307c728.6)

. . 164c242.3) 98c231.9) --
3c6.5) 336c745.4) 13(18.7)  --3c6.5)

Sept.
Near shore
Limnetic

8fl3.4) 82cl49.4) 53f58.2) 29c27.2) 3f6.5) . . 175fl95.8) 29f40.5) 3c6.5)
3c6.5) SO(52.6) 116(262.0) lll(241.7) 8C8.8) . . 288c544.6) 26c43.3) 3c6.5)

Oct.
Near shore
Limnetic

. . 16c27.3)
S(9.2) S(9.2)

. . . .

. . . .
. . . .
. . S(9.2)

. . . . . .
. . S(9.2)

ti Cal = Coteoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table CIO. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1986.

TerrestrialY Aquatiy
Date Grand
Sites co1 Hem HoIll HW Ara Other Total Dip Other Total N Total

Apr.
Near shore
Limnetic

May
Near shore
Lirmetic

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

Dec.
Near shore
Limnetic

3
ll(18.5)
S(9.2)

43C9.2)
16Cl6.0)

. . . . 79C54.8) S(9.2)
ll(18.5) . . 2lC36.4) . .

. . 127C55.4) S(9.2) S(9.2)

. . 48C47.5) S(9.2) --

64C86.5) 8Cl3.4) . . 13C25.2) 3C6.5) . .
45C67.0) S(l3.1) . . 3C6.5) . . . .

8all7.5) 492C693.5) 34t84.1)
53(71.5) 466C590.8) S(l3.1)

32c34.7)
ll(13.1)

. .
S(l3.1)

8C8.8) S(8.3) 3C6.5) 3C6.5) SO(38.0) 8Cl3.4) --
3C6.5) 8cl3.4) 3C6.5) 3C6.5) 32C22.3) 3t6.5) --

16(14.3) . . ll(19.4) 32t63.6) 3C6.5) 3C6.5) 64C59.5) 3t6.5) --
S(8.3) 3C6.5) 16(31.6) 4OC39.6) S(l3.1) . . 69C63.8) 13(15.7)  --

ll(l3.1) 8Cl3.4) 66C67.7) 278C512.5) . . . .
3C6.5) . . 19Cl8.7) 26C57.4) . . . .

362C561.8) S(8.3) --
48C52.2) ll(l3.1)  --

. .

. .

4ClO.7)
4ClO.7)

. .

. .

. .

. .

. .

. .
16C27.7) . . . .
16(16.0) 16C27.7) . .

. . 16C27.7) S(9.2) --

. . 32C31.5) 26C45.6) --

18c36.7) 76C82.6) 27C52.1) 2C5.3) 9Cll.6) 134(150.5) 138C234.0) S(l6.0)
32C89.5) 46C66.7) 9Cl8.1) 2C5.3) . . 92Cl66.0) 44C60.7) 2C5.3)

. .

. .

. .

. .

S(9.2) . .
. . . .

. .

. .

. .

. .

. .

. .

. .

. .

S(9.2) 2lC9.2) --
. . ll(9.2) --

. .
. . . . . .

. . . .

138
53

614
524

58
34

66
82

368
58

21
58

277
138

27
11

. .

. .

6
526C672.7)
471(586.0)

6
8Cl3.4)
3t6.5)

6
3C6.5)
13Cl5.7)

6
S(8.3)
ll(l3.1)

3
S(9.2)

26C45.6)

9
143C237.5)
46C60.0)

3
2lC9.2)
ll(9.2)

3
. .

3.! Cal = Coteoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table Cll. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1987.

TerrestrialU Aquatic9

Date Grand
Sites cot Hem Horn HP Ara Other Total Dip Other Total N Total

Mar.
Near shore
Limnetic

3
79c69.2)
190(47-S)

. . 5c9.2) -- S(9.2) ll(9.2) 2lc24.4) 74c66.1)  5c9.2)
16c27.7) 2lc36.4) S(9.2) 69(60.0) 32c54.8) 143(160.9) 185(39.7)  S(9.2)

101
333

783
333

185
106

79
27

403
122

27
5

3
667c634.1)
265c206.8)

Apr.
Near shore
Limnetic

53t36.4) S(9.2) S(9.2) 53c8.7)
48c47.5) . . . . 21c9.2)

. . 116c37.0) 646(599.5)21(36.4)

. . 69c55.7) 254(207.9)11(9.2)

3
53c8.7)
42132.7)

May
Near shore
Limetic

27c24.4) 42C32.7) 42c39.8) 21(24.4) . . . .

ll(9.2) 16t27.7) 21(18.5) S(9.2) ll(l8.5) . .
132(111.4) 53c8.7)  --
64c69.2) 42l32.7) --

3
ll(18.5)
ll(9.2)

June
Near shore
Limnetic

S(9.2) S(9.2)
S(9.2) ll(18.5)

S(9.2) 42c32.7)
. . . .

ll(18.5)
. .

69c39.8) ll(18.5) --

16(16.0) ll(9.2) --. .

3
27cl8.5)

. .

July
Near shore
Limnetic

106(117.0) 47c27.1) 106(144.0) 116(103.1) . .

S(9.2) 21(18.5) 53f48.3) 42t48.3) . .
376l381.1)
122(119.1)

27(18.5) --
. . . .. .

3
S(9.2)
S(9.2)

Sept.
Near shore
Limnetic

21c9.2) --
. . . .

. . 21c9.2) 5c9.2) --

. . . . S(9.2) --

. .

. .

g Co1 = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



I

Table C12. Surface invertebrate density in no./ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1983.1987.

Date
Sites
Jan.
Near shore
Limnetic

co1 Hem
Terrestriala' Aquatica' Grand

Horn Hylll Ara Other Total Dip Other Total N Total
_I

. . . .

. . . .
. . . .
. . . .

. .

. .
. . . . . .

. . . .

L
. . . .

. . . .

7
36C57.3) 73
95C94.5) 186

15
567C981.3) 677
415C629.1) 465

17
285C440.4) 357
42lC664.5) 471

21
13Cl5.4) 70
12Cl5.9) 53

21
24C44.2) 279
14(14.0) 148

23
29Cll8.4) 194
7C12.5) 117

18
16C25.9) 145
2OC33.7) 138

21
71(164.1) 188
33C47.3) 250

4
22C7.6) 29
13C18.3) 25

4
. . . .
. . . .

Mar.
Near shore
Limnetic

Apr.
Near shore
LiMetic

May
Near shore
Limnetic

June
Near shore
Limnetic

July
Near shore
Lirmetic

Aug.
Near shore
Lirnnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

Dec.
Near shore
Limnetic

. . . .
12Cl8.2) --

59Cl25.1) 6Cl5.3)
3OC46.5) 2C8.3)

3lC56.7) 12C21.0)
22C43.6) S(l3.6)

19C23.9) 6tlO.3)
18C37.5) 4C9.8)

39C51.4) SO(l36.2)
9Cl2.3) 2lC39.8)

4C8.2) 4C8.4)
3(5.9) E(5.5)

3C8.5) 27t90.2)
l(3.8) 17C37.5)

S(l4.2) 10(26.2)
S(l3.4) 16C61.6)

. . . .

4t6.2) --

. . . .

. . . .

ll(14.3) 13t35.2)
16C24.5) 14C21.6)

4C6.9)
29C50.5)

lO(9.5)
2Oc34.1)

38t49.4)
9lC108.3)

33c54.0) 2C6.0)
93C90.6) 2C6.0)

l(4.1) 3OC38.8)
. . 9Cl7.6)

13Cl9.4)
8Cl6.2)

2C5.9)
l(3.1)

l10(158.3)
SO(61.5)

56OC979.2) 8Cl7.0)
412c630.1) 3C6.1)

14C32.0) lS(31.9)
14C42.6) 6Cl2.2)

l(3.9)
3C9.3)

72ClO4.9)
SO(79.5)

260(449.0)25(58.5)
417C667.3) S(l3.4)

. .

. .

8Cl3.9) 18C23.8)
7Cl6.4) 9C15.8)

S(9.9)
2C6.3)

l(4.3)
l(3.5)

56C53.0)
4lC62.5)

13Cl5.4) --
9Cl5.0) 3C6.3)

llS(371.2) 43C62.3) 2C5.3)
67tl20.1) 32C40.3) 3C7.9)

6Cl8.2) 255C472.1) 22C38.5) t(7.0)
3C5.6) 134(184.3) 12cl2.1) 2ClO.3)

28(51.7) 129t303.5)
10(13.8) 92C372.4)

l(2.5)
l(4.1)

. .
2C8.5)

165c333.8)
l10(382.4)

29Cll8.4) --
7(12-S) --

83C232.2) 12C20.9) 3C6.8)
Sl(l53.7) 43Cl40.6) 3C6.1)

l(2.8)
S(l3.9)

129C260.6)
119C322.0)

lS(26.2) l(3.8)
18C30.8) 2C4.6)

83Cl80.9) 13t35.5)
179c415.4) ll(23.9)

2C4.8)
S(12.1)

4C8.6)
l(2.8)

117C203.9)
217C434.3)

64Cl62.2) 7C16.9)
3OC47.9) 3C5.9)

7C8.2) --
6C14.3) --

7C8.2) 22C7.6) --
12Cl4.7) 13(18.3) --

. . . .
2C4.9). .

. . . .

. . . .
. .
. .

. . . .

. . . .. . . .

a/ Cal = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C13. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1983.

Terrestrial& -YAquatic
Date Grand
Sites co1 HellI HoIll fW Ara Other Total Dip Other Total N Total

Sept. 3
Near shore 2OC24.4) -- 4C6.9) 4C6.9) -- . . 27C37.4) SO(57.1) -- 50(57.1) 78
Limnetic 9(17.5) -- 9(11.1) -- . . 9(11.1) 26C25.7) 29c30.8) 3C6.0) 32C27.4) 58

Oct. 3
Near shore 12(11.5) 12(20.2) 23C40.4) 4C6.9) -- . . Sl(67.0) 2OC24.4) -- 2Oc24.4) 70
Limetic 4C6.9) 16C27.1) 19C33.5) 12C20.2) -- . . SO(87.2) 4C6.9) -- 4C6.9) 54

Nov. 2
Near shore 18C24.7) 12Cl6.3) 721(1003) 29C41.0) 6C8.5) 6C8.5) 791(1102) 140(197.3) 6C8.5) 146(205.8) 936
Limnetic . 6c8.5) . .. -- . . . . . . 6C8.5) -- . . 6

id Co1 = Coleoptera; Hem = Heiniptera;  Hom = Homoptera; Hym = Hymenoptera; Ara q Arachnida; Dip = Diptera.



Table C14. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1984.

TerrestrialU Aquatic iv

Date Grand
Hem HoIll HP Ara Other Total Dip Other Total N Total

-
Sites co1

July
Near shore 6C6.6)
Limnetic 8c9.5)

Aug.
Near shore 13c21.3)
Limnetic l(4.0)

Sept.
Near shore --
Limnetic . .

Oct.
Near shore 12C23.2)
Limnetic 4C9.4)

Nov.
Near shore --
Limnetic . .

4C9.4) 14cl3.6) 4l6.2) 6C6.6) -- 33c26.9) 8c9.5) 10(18.8)
4C9.4) lO(l8.8) 4f9.4) -- 4C9.4) 29c25.3) 8Cll.9) 4 (6.2)

6
18t26.3)
12clO.3)

51
41

8Cll.7) ll(14.9) 4lC53.4) l(4.0) 3C5.3) 76c64.1) 56f43.4) 1 (4.0)
4c6.0) 9c7.8) 69cl67.3) l(4.0) -- 84Cl65.7) 3OC30.4) 3 (7.7)

9
57t42.2)
32c32.8)

133
116

. .

. .
54f66.2) . . . . . .
82cl20.7) . . . . . .

54c66.2)
82cl20.7)

. . . .
19c6.4) --

3
. .

19c6.4)
54

101

18cl9.2) 7Oc85.6) 39c63.9) 4c6.2) 4c6.2) 146cl67.5) 22c27.0) --
lO(l3.7) lOl(l37.5) 8cl4.1) 2t4.9) -- 124cl60.4) 6c9.7) 4c6.2)

6
22c27.0)
lO(l5.4)

167
134

. .

. .
. .
. .

. . . . . .

. . . . . .
. .
. .

. . 6c8.5)

. . . .

2
6c8.5)

. .
6

. .

R' Co1 = Coleoptera; Hem = Hemiptera; Horn = Hcnnoptera; Hym q Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table 15. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1985.

Terrestrialg .a/Aquatic
Date Grand
Sites co1 Hem Hom Hym Ara Other Total Dip Other Total N Total

June
Rear shore 29C28.2)
Limnetic 12C23.2)

July 3C7.2)
Near shore 14C14.1)
Limnetic

Aug. 14t14.41
Near shore --
Limnetic

Sept. 5C13.1)
Near shore 3C6.5)
Limnetic

Oct. --
Near shore --
Limnetic

33(43.6) 4t6.2) 8C9.5) 2C4.9) -- 76C55.6) 12(18.2) 66C48.5)
16c25.1) lO(23.7)  -- 2C4.9) -- 39C33.3) 6t9.9) 8C14.1)

7(15.7) 12C20.8) 9C8.2)
7C15.7) 13C28.2) 13C14.1)

18C32.6) 76t111.2) 21(26.0)
16(28.8) 127C268.7) 5t12.1)

3c6.5) 183(294.6) 27C25.8)
8t13.4) 77C93.8) 3C6.5)

-- 3L6.5) --
__ _- 3L6.5)

2C5.4) --
_- _-

2C6.0) --
-- --

3C6.5) --
m. _-

-- __

3C6.5) --

33C33.3) 18C21.1)  --
47C25.7) 24(22.4) 7C6.6)

131C171.7) 55t45.51 --
147C273.0) 93C177.3) --

219t304.5) 48(81.4) 3C6.5)
9OC93.9) 24c16.8)  --

3L6.5) 3c6.5) --
5C8.3) 16c24.4) 5C13.1)

6
78f58.0)
14C17.3)

5
18C21.1)
31C16.3)

7
55C45.5)
93(177.3)

6
5Oc87.6)
24C16.8)

6
3f6.5)
21C37.0)

153
53

51
78

187
240

270
114

5
27

iv Co1 = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hyn q Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C16. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1986.

Date
Sites cot Hem

TerrestrialH Aquati&
Grand

Hcin Hym Ara Other Total Dip Other Total N Total

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Liimetic

Oct.
Near shore
Limnetic

74c32.9) 5(9.2) -- __

27(18.5) 5(9.2) -- 5C9.2)

8f13.4)
mm

5c8.3)
-_

3t6.5) -- 8c13.4) --
3t6.5) 3(6.5) 13C18.7)  --

mm 3c6.5) 3f6.5) 3t6.5)
3c6.5) 3C6.5) 3c6.5) --

-- ll(19.4) 21C44.5)
.- 21c23.7) 3c6.5)

-- 64t155.5) 643(1458)
-- 5C8.3) 1675(4001)

me - - 79f42.0)
-_ -- 37C9.2)

5t8.3) -- 45(79.8)
-- __ 24c21.7)

_- 3c6.5) 714(1430)
-_ _- 1680(3998)

-- _- ll(13.1)
-- -- 19C23.6)

-- -_ 8C13.4)
3l6.5) -- 11(13.1)

3
21f9.2) 32c41.8) 53C50.9) 132
5c9.2) 16C27.7) 21c24.4) 59

6
95(210.1) -- 95c210.1) 140
5C13.1) llC13.1) 16(20.2) 40

6
143c224.41 - - 143(224.4) 857
M(324.8)  - - 166l324.8) 1846

6
50(107.9) -- 5Of107.9) 61
74(117.1) -- 74(117.1) 93

6
13t15.7)  21c32.5) 34c42.9) 42
16(20.2)  5C8.3) 21c19.4) 32

iv Co1 = Coleoptera; Hem = Hemiptera; Hom q Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C17. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1987.

Terrestriald Aquati&
Date Grand
Sites cot HeTll HlXl HW Ara Other Total Dip Other Total N Total

June 3
Near shore 5C9.2) 5C9.2) 5C9.2) 58C60.0) 5C9.2) -- 8OC82.6) -- -- -- 80
Limetic 5f9.2) -- 5(9.2) 16C0.0) -- -_ 27C9.2) -- _- __ 27

July 3
Near shore 32C31.5) 21C36.4) 48(41.8) 757(1269) 5t9.2) ll(18.5)  873(1361) 138C238.4) - - 138C238.4) 1010
Limnetic __ llC9.2) 16C27.7) 95CllD.9) -- -- 122C101.9) -- -- _- 122

Sept. 3
Near shore -- -- ll(18.5) -- -- -_ ll(18.5) 466C495.6) -- 466(495.6) 476
Limnetic _- -- -- -- -_ -_ -- 153(64-l) -- 153C64.1) 153

d Cot = Coleoptera; Hem = Hemiptera; Hom = Hcnnoptera;  Hym = Hymenoptera;  Ara = Arachnida; Dip = Diptera.



Table C18. Surface invertebrate density in no./ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1983-1987.

Terrestrialg .iuAquatic
Date Grand
Sites cot Hem Hom HW Ara Other Total Dip Other Total N Total

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Linnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

34f35.3) 19f33.3) 3f6.1) 18f35.8) 2f5.5) __ 78f54.5) ll(15.1)  4lf47.0)
14f19.7) 9f18.7) 6f17.0) 5C7.9) l(3.5) _- 35f23.7) 4f6.5) 8f16.3)

lO(16.3) 6f16.2) 17(24.3)  123f494.7) 5f6.8) 2f7.2) 163f539.2) 56f142.7) 3f10.7)
6ClD.l) 4C9.9) 15f22.6) 2Of49.5) -- l(5.1) 46c51.7) lO(l6.3) 6f8.8)

ll(16.2) 9f20.2) 46(101.5) 199f765.0) l(4.2) 2f4.7) 268f758.9) 79f122.0) l(2.6)
l(2.6) 7fl7.2) 46c154.6) 486f2092) l(2.6) -- 539(2086) 87f194.1) 1(4.'9)

5t12.4) l(3.5)
3f8.5) 3t8.0)

64fl68.4) 8f17.8)
37f69.5) l(3.4)

25f54.0) 12f36.4)
32f82.8) 5f10.9)

l(3.5) -- 79f179.8) 102f230.1) l(3.5)
-- 2f5.4) 46f71.0) 56f77.0) l(2.6)

5f13.5) 7C14.1)
2t6.3) 6f12.8)

l(3.6) l(3.6) 52t107.0) 14f19.3) 6f18.9)
2f5.3) _- 47C99.7) ll(l7.6) 4f8.5)

9t17.51 6fl1.5)
-_ 3f6.D)

36Of713.0) 14C29.0) 3C6.0) 3f6.0) 396f783.0)
_- _- 3f6.0)

7Of139.5) 6f6.9)
_- -- -- -_

d Cal = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.

12
52f55.7)
12c17.6)

20
59f142.3)
16f17.2)

22
8Of121.8)
88fl93.9)

21
102t230.5)
56C76.6)

21
2Of29.4)
15f23.5)

4
76fl43.6)

130
48

222
62

348
628

181
102

71
63

471
3



Table C19. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Termite area of Libby Reservoir during 1983.

TerrestrialaJ Aquati@

Date , Grand

Sites cot Heal HoIll HVJ Ara Other Total Dip Other Total N Total

5!/ Co1 = Coleoptera; Ham = Hemiptera; Horn  = Hcmoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.

Aug.
Near shore -- ---- __ -_ 0.39(0.16) 0.12(0.21) 0.51(0.33)
Limnetic -- -- 0.05(0.09) 2.75(1.99) O.Ol(O.01) O.Ol(O.01) 2.81(2.09) --

Sept.
Near shore 0.21(0.43) -- O.D6(0.12) - - O.72(1.35) 4.04(8.06) 5.04(9.96) O-07(0.09)

Limnetic -- -- O.14(O.l9) 0.01(0.03) 0.05(0.10) 0.02(0.04) 0.22(0.23) 0.15(O.23)

Oct.
Near shore 0.03(0.06) -- _- 0.01(0.02) 0.05(0.10) 0.00(0.01) 0.09(0.10) 0.05(0.09)

Limetic O.O2(0.04) O.O2(0.04) O.Ol(O.02) 0.02(0.04) 0.02(0.04) O.Ol(O.02) 0.09(0.08) --

Nov.
Near shore 0.03(0.04) 0.02(0.03) 0.04(0.06) ---- -- 0.09(0.01) 0.02(O.O1)
Lirmetic -- 0.09(0.03) -- -- 0.04(0.06) -- 0.14(0.04) 0.02(0.01)

Dec.
Near shore -- -- -_ -- _--- -_ _-
Limnetic -- -_ _- mm ---- _- --

--
--

--
__

--
--

--
__

__
_-

3
__
__

4
0.07(0.09)
0.15(0.23)

4
0.05(0.09)

__

2
0.02(0.01)
0.02(0.01)

2
--
__

0.51
2.81

5.10
0.37

0.14
0.09

0.10
0.15

__
--



Table C20. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1984.

Date TerrestrialU Aquatical Grand

Sites cot Hem Horn Hylll Ara Other Total Din Other Total N Total

Near shore
Limnetic
Mar.
Near shore
Limnetic
Apr.
Near shore
Limnetic

May
Near shore
Limetic
June
Near shore
Limnetic
July
Near shore
Lia-netic
Aug.
Near shore
Limnetic
Sept.
Near shore
Limnetic
Oct.
Near shore
Limnetic
Nov.
Near shore
Limnetic

__ _- -- -_ _- -- __
-- -_ -- -- -_ _- -_

_- - - -_ - - _- - - -_

_ _ -w -_ - - - - _- _ _

_- -- 0.01(0.03) 0.02(0.02) 0.01(0.03) -- 0.05(0.03)
0.04(0.09) - - 0.01(0.02) 0.01(0.02) 0.01(0.01) -- 0.07(0.09)

0.58(0.71) O.OO(D.01) 0.02tO.02) 0.47CO.55) 0.02(0.04) 2.06C4.12) 3.14C5.11)
0.07CO.08) 0.02CO.04) - - 0.34CO.44) 0.06CO.12) - - 0.48(0.56)

_- - - _ _ -w 0.05(0.07) - - 0.05(0.07)
-. mm -_ 0.01(0.03) 0.01(0.03) - - 0.03(0.04)

O-61(1.27) O.Ol(O.02) 0.02CO.03) 0.35CO.64) 0.09CO.15) -- 1.09(1.97)
0.06(0.16) O.Ol(O.02) 0.02CO.04) 0.19CO.33) 0.02CO.03) O.OlCO.02) 0.3OCO.38)

0.14(0.18) 0.04(0.06) 0.03CO.06) 0.79CO.88) 0.03CO.07) O.lO(O.19) 1.13C1.03)
0.03(0.07) - - 0.02CD.03) 0.35cO.39) O.Ol(O.02) 0.72Cl.74) 1.12Cl.67)

0.04CO.08) - - __ 0.01(0.01) - - _- 0.05(0.09)
-- 0.38CO.65) O.Ol(O.02) - - __ -- 0.39CO.64)

l.Ol(l.35) 1.03(0.89)  2.14CO.81) 1.19(1.35) D.20(0.10) 0.32CO.49) 5.88(1.89)
0.4OtO.68) 2.11c2.26) 0.79cO.70) 0.12(0.14) 0.4OtO.47) D.OO(O.01) 3.82(2.69)

__ -_ __ -- -- _- --
__ _- -_ -- _- -- .-

3
__ _- -_
-- -- __

2
-_ -. --
__ -- -_

4

0.2OtO.35) -- 0.20(0.35)
1.15C2.25) -- 1.15C2.25)

4
0.92Cl.16) O.Ol(O.03) 0.93Cl.18)

0.29CO.42) -- 0.29CO.42)
6

0.00(0.01) -- 0.00(0.01)
0.01(0.01) -- 0.01C0.01)

9
0.12CO.33) O.Ol(O.02) 0.13CO.33)
0.07(0.15) -- 0.07(0.15)

6
0.76tl.70) O.Ol(O.02) 0.77Cl.71)
0.61Cl.45) D.lO(O.17) 0.7lCl.60)

3

0.09CO.03) 0.02CO.04) O.llCO.01)
0.01(0.01) -- 0.01(0.01)

3

0.25tO.36) 0.08CO.07) 0.33CO.36)
0.07(0.07) O.ll(O.13) 0.18tO.19)

1
-_ -_ -_

--
--

-_
--

0.25
1.22

4.07
0.77

0.05
0.04

1.21
0.38

1.90
1.84

0.16
0.39

6.21
4.00

_-
.-

Gf Co\ = Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C21. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Tenmile  area of Libby Reservoir during 1985.

Terrestrialg' .YAquatic

Date Grand

Sites cot Hem Horn HP Ara Other Total Dip Other Total N Total

Apr.
Near shore
Limnetic

May
Near shore
Limnetic

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Limetic

Oct.
Near shore
Limnetic

N o v .

Near shore
Limnetic

L

1.35(0.31) - - __ 1.82(2.52) 0.55(0.08) - - 3.72(2.91) 0.89(1.23) 0.13(0.07) 1.02(1.16)

0.65(0.45) - - -- 0.44(0.41) 0.15(0.06) - - 1.25(0.04) l-06(0.18) O-04(0.01) l.ll(O.16)

7
3.55(5.27) 0.06(0.09) 0.06(0.07)  2.38(5.35) 0.28(0.56) O.Ol(O.03) 6.34(11.01) O-41(0.40) 0.22(0-21) 0.63(0-32)

l-57(2.99) 0.12(0.32) 0.09(0.19)  2.39(5.86) 0.02(0.05) -- 4.18(9.16) 0.22(0.39) O-09(0.23) 0.30(0.42)

6
1.47&65)  o.03(o.04) O.Ol(O.Dl)  0.07(0.09) 0.18(0.22) 0.03(0.07) 1.80(1.78) O.Oi(O.02) O-02(0-05) 0.03(0-05)

l-46(2.37) 0.17(0.39) O.DO(O.01)  0.03(0.09) O-24(0.35) -- 1.91(2.79) O.OO(O.01) O.Oo(o.ot) o-01(0.02)

6
O-40(0.66) 0.90(2.10) O-77(1.78) O-59(0.81) 0.02(0.04) -- 2.68(2.61) 0.07(0.14) 0.20(0.49) O-27(0.64)
O-45(0.48) 0.25(0.38) 0.02(0.04) 0.06(0.06) -- O.OO(O.00) 0.78(0.68) 0.02(0.03) - - 0.02(0.03)

6
l-20(2.93) 0.07(0.12) 0.02(0.05)  14.97(28.190.03(0.09)0.01(0.03)  16.31(31.28) O-53(0.97) O-00(0.01) 0.53(0.98)

0.05(0.09) O.Ol(O.03) 0.09(0.22) 13.70(26.49) -- -- 13.85(26.75) 0.03(0.06) -- 0.03(0.06)

6
0.06(0.14) 0.05(0.07) 0.47(0.83) 2.78(6.76) 0.07(0.18) O.OO(O.00) 3.43(7.33) O.Ol(O.01) 0.06(0.16) 0.07(0-15)

_- 0.03(0.07) 0.03(0.05)  D-45(1.03) 0.04(0.09) -- 0.54(1.13) -- _- --

3
_- 0.04(0.07) - - __ o.ll(O.19) O.Ol(O.01) 0.16(0.25) -- 0.03(0.03) 0.03(0.03)
_- 0.01(0.02) O.OO(O.01) 0.05(0.08) 0.12(0.11) -- 0.19(0.18) -- __ _-

2
__ -- -_ _-_- -_ _- __ _- __

_- e. ___- _- -_ -- _-_- --

4.74
2.35

6.97
4.49

1.83
1.92

2.96
0.80

16.04
13.88

3.50
0.54

0.19
0.19

__
__

9 Cal q Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym q Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C22. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1986.

Date
Sites cot Hem

Terrestrialg Aouatia Grand
Horn Hylll Ara Other Total Dip Other Total N Total

Apr.
Near shore
Limnetic

0.59CO.55) 0.05CO.06) - - 0.17CO.24) 0.25cO.43) - - 1.04(1.23)
0.22CO.28) O.OO(O.01) - - 0.02tO.03) - - __ O-24(0.25)

3
0.02(0.01) 0.05(0.09) 0.07C0.10)

-_ -- -.
1.11
0.24

3.17
4.29

1.72
0.29

1.49
0.33

0.06
0.14

0.01
0.01

0.07
0.01

0.01
0.01

--
_-

May
Near shore
Litmetic

6
O-43(0.53) 0.15CO.24) 0.58CO.48)
0.26cO.27) O.OlCO.Ol) 0.27fO.28)

1.79(2.19) 0.05fO.11) O.OO(O.00)  0.75CO.99) 0.01(0.01) -- 2.59c3.25)
3.46f6.02) 0.03CO.07) - - 0.36(0.57) 0.18tO.43) -- 4.03t6.99)

June
Near shore
Limetic

6
0.05(0.13) 0.04(0.09) 0.09CO.14)

_- -- --
1.5OCl.37) - - __ 0.02tO.04) 0.12(0.20) - - 1.63(1.49)
0.15CO.19) - - __ 0.07CO.09) 0.06CD.08) O.Ol(O.04) O-29(0.24)

July
Near shore
Limnetic

6
0.18cO.25) - - 0.18(0.25)
0.01(0.02) 0.00(0.00) 0.01(0.02)

1.19Cl.63) O.OO(O.01) 0.04CO.04)  0.09(0.19) -- -_ 1.3lC1.55)
0.10(0.12) - - 0.01(0.02) 0.2OCO.33) -- -_ 0.3lcO.28)

Aug.
Near shore
Linetic

6
D.O2(0.02) - - 0.02(0.02)
0.01(0.02) - - 0.01(0.02)

0.00(0.01) 0.01(0.02) - - 0.03(0.03) -- 0.01(0.01) 0.04(0.04)
0.04(0.10) - - _- 0.10(0.17) - - -- 0.14(0.19)

Sept.
Near shore
Limnetic

6
D.OO(O.00) O.Ol(O.01) O.Ol(O.01)
0.00(0.00) - - D.OO(O.00)

-- _- -- 0.00(0.00) -- -_ 0.00(0.00)
-- -_ -- 0.01(0.01) -- __ 0.01(0.01)

Oct.
Near shore
LiMetic

6
0.01(0.02) - - 0.01(0.02)
0.00(0.00) - - 0.00(0.00)

0.02(0.04) O.Ol(O.02) O.Ol(O.01)  0.02CO.04) O.Ol(O.02) -- 0.06(0.08)
-_ __ 0.00(0.01)  - - 0.00(0.00) - - 0.01(0.01)

Nov.
Near shore
Limetic

3
0.01(0.01) - - O.Dl(O.01)
0.01(0.02) - - 0.01(0.02)

_- -_ -- -_ __ -_ __
-_ _- __ -- -- __ -_

Dec.
Near shore
Limnetic

2
-_ -_ ---- __ -_ _- -- -- --

-- -- -_ -_ __ -- _-

a/ Co1 q Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C23. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Terunile  area of Libby Reservoir during 1987.

Date
Sites cot

TerrestrialU -dAquatic
Grand

Hem Horn HW Ara Other Total Dip Other Total N Total

Mar.
Near shore
Limnetic

Apr. 3
Near shore 2.30(1.78) 0.50(0.57) -- 13.10(1.88)0.05(0.08) -- 15.95(3.64) 0.19(0.14) -- 0.19(0.14)

Limnetic 2.67(1.56) O-82(0.67) -- 15.12(11.42) - - -- 18.61(13.55)0.25(0.18) O.OO(O.01) O.25(O.T8)

May
Near shore
Limnetic

June
Near shore
Lirmetic

Juty
Near shore
Limnetic

Sept.
Near shore
Limnetic

3
-- mm -- -- 0.02(0.04) -- 0.02(0.04) 0.08(0.10) -- 0.08(0.10)
-_ -- -_ -- -- -_ -- 0.05(0.09) -- 0.05(0.09)

3
__ -- -- -- 0.10(0.07) -- 0.10(0.07) 0.04(0.07) 0.01(0.02) 0.06(0.06)
we mm 0.01(0.02) -- 0.00(0.01) -- O.Ol(O.02) O.OO(D.01) -- 0.00(0.01)

3
_- mm 0.01(0.01) -- 0.07(0.07) -- 0.08(0.07) -- -_ --
-_ _- 0.00(0.01) - - _- -_ 0.00(0.01) -- _- --

3
1.74(1.13) -- 0.05(0.09) 2.68(3.80) -- 2.13(3&j 6.61(5.22) O.ll(O.15) -- 0.11(0.15)
D.87(0.86) O.Ol(O.02) 0.03(0.04) 0.64(0.85) -- -- 1.54(1.12) 0.01(0.01) -- 0.01(0.01)

3
__ O.OO(O.01) 0.01(0.01) O.OO(O.01) O.OO(O.01) 0.60(1.05) 0.62(1.03) O.OO(O.01) -- 0.00(0.01)
__ .- 0.01(0.01) 0.00(0.01) - - -- 0.02(0.02) 0.01(0.01) 0.00(0.01) 0.01(0.01)

0.10
0.05

16.13
18.86

0.16
0.02

0.08
0.00

6.71
1.55

0.62
0.03

U Co1 q Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C24. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Tenmile area of Libby Reservoir during 1983-1987.

Date
Sites cot Hem

Terrestriala' Aquatica' Grand
Horn Hylll Ara Other Total Dip Other Total N Total

Jan. 3
Near shore -- . . -_ . . . . . . -. -. ._ -. . .
Limnetic -- ._ . . -- _- ._ . . . . -_ .- .-

Mar. 5
Near shore -- . . . . . . O.Ol(D.03) -- 0.01(0.03) 0.05(0.08) -- 0.05(0.08) 0.06
Limnetic -- .- .- -. . . ._ .- 0.03(0.07) -- 0.03(0.07) 0.03

Apr. 12
Near shore 0.95(1.24) 0.14(0.33) O.OO(O.01) 3.63(5.86) 0.17(0.28) -- 4.88(7.04) 0.27(0.52) 0.03(0.07) 0.30(0.53) 5.18
Limnetic O-84(1.31) 0.21(0.47) 0.00(0.01) 3.86(8.36) 0.03(0.06) -- 4.94(10.08) 0.62(1.29) O.Ol(O.02) O-63(1.29) 5.57

May 20
Near shore 1.90(3.47) O-04(0.08) 0.02(0.05) 1.15(3.20) O.lZ(O.34) O-42(1.84) 3.64(7.09) 0.46(0.64) 0.13(0.19) O-59(0.62) 4.23
Limnetic 1.60(3.79) 0.05(0.19) 0.03(0.11) l.Ol(3.47) 0.07(0.24) -- 2.77(6.55) 0.21(0.32) 0.03(0.13) 0.24(0.34) 3.01

June 21
Near shore O-85(1.31) O.Ol(O.02) O.OO(O.01) 0.03(0.06) O.ll(O.17) O.Dl(O.04) l.OO(l.44) 0.02(0.07) 0.02(0.05) 0.04(0.08) 1.04
Limnetic O-46(1.36) 0.05(0.21) O.OO(O.00) 0.03(0.07) 0.09(0.20) O.OO(O.02) O&(1.63)  O.OO(O.01) O.OO(O.00) O.Ol(O.01) 0.64

July 24
Near shore O-85(1.25) D.23(1.06) 0.22(0.89) 0.63(1.49) 0.04(0.10) 0.27(1.30) 2.23(3.00) 0.12(0.25) 0.05(0.25) O-17(0.38) 2.41
Limnetic 0.27(0.45) 0.07(0.21) 0.02(0.03) 0.21(0.39) O.Ol(O.02) O.OO(O.01) O-58(0.68) 0.04(0.09) O.OO(O.00) 0.04(0.09) 0.62

Aug. 21
Near shore O-38(1.56) 0.03(0.07) 0.02(0.04) 4.57(15.64)0.03(0.09)  0.03(0.11) 5.07(17.27) 0.37(1.04) O.OO(O.Ol) O-38(1.04) 5.44
Limnetic 0.03(0.08) O.OO(O.01) 0.04(0.12) 4.43(14.59)D.OO(O.O1)  0.21(0.93) 4.72(14.69) 0.18(0.78) 0.03(0.10) 0.21(0.86) 4.93

Sept. 22
Near shore 0.06(0.19) O.Ol(O.04) 0.14(0.46) 0.76(3.53) 0.15(0.59) 0.82(3.44) 1.94(5.60) 0.03(0.05) 0.02(0.08) 0.05(0.09) 1.99
Cimnetic -- 0.06(0.24) 0.04(0.09) 0.13(0.54) 0.02(0.06) O.OO(O.02) 0.24(0.63) 0.03(0.11) O.OO(D.00) 0.03(0.11) O-27

Oct. 16
Near shore 0.20(0.64) O-20(0.52) 0.40(0.91) 0.23(0.69) 0.07(0.12) 0.06(0.22) 1.18(2.44) 0.06(0.17) 0.02(0.04) 0.08(0.18) 1.26
Limnetic 0.08(0.29) 0.40(1.18) D.l5(0.41) 0.04(0.08) O.lO(O.23) O.OO(O.01) 0.77(1.80) O.Ol(O.04) 0.02(0.06) 0.04(0.10) 0.81

N o v . 8
Near shore -- 0.01(0.02) -- 0.01(0.01) 0.01(0.03) -- 0.02(0.04) O.Ol(O.01) -- 0.01(0.01) 0.03
Limnetic -- 0.02(0.04) -- __ 0.01(0.03) -- 0.03(0.06) O.Ol(O.02) -- O.Ol(O.02) 0.04

Dec. 4
Near shore -- . . -. .- .- .- . . . . __ _. .-

a/ Cal = Coieoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C25. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1983.

Date
Sites cot Hem

Terrestrial a/ . aJAquatic
Grand

Horn HV Ara Other Total Dip Other Total N Total

Aug. 2
Near shore -- . . . . . . -. . . . . .- .- . . . .

Limnetic -- -. . . 0.06(0.08) 0.01(0.01) - - 0.07(0.09) -- . . -. 0.07

Sept. 3
Near shore 0.25CO.43) -- 0.26(0.46) 0.02fO.03) 0.03CO.03) O.OO(O.01) 0.57f0.84) 0.00(0.01) -- 0.00(0.01) 0.57
Limnetic -- .- -. 0.06fO.03) -- 3.31(5.62) 3.37t5.65) O.Ol(O.Ol) -- 0.01(0.01) 3.37

Oct. 4
Near shore O.lO(O.20) -- . . -. 0.04(0.05) -- 0.14(0.19) 0.00(0.01) -- 0.00(0.01) 0.14
Limnetic D.28(0.56) D.4lfO.82) 0.18fO.35)  O.OO(O.01) 0.15fO.14) -- 1.03(1.84)  0.07(0.10) 0.04(0.05) 0.10(0.13) 1.14

Nov. 1
Near shore -- -. o.ol(*****) -- . . . . o.ol(+****) -- . . .- 0.01
Limnetic 0.10(0.09) -- D.Ol(O.02) -- -- O.oo(O.01) 0.12fO.07) O.OO(O.01) -- 0.00(0.01) 0.12

Dec. 1
Near shore -- -- . . .- -. . . -. . . . . .- -.
Limnetic -- . . . . . . -. -- . . . . . . -_ . .

d cot = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym q Hymenoptera; Ara = Arachnida; Dip q Diptera.



Table C26. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1984.

Terrestriala' Aquatica'
Date Grand
Sites cot Hem Horn HP Ara Other Total Dip Other Total N Total

Jan.
Near shore --
Limnetic --

-_ . . -_ . . __ . .
._ . . _. . . . . . .

2
. . .- . .
. . . . ._

Mar.
Near shore --
Limetic 0.06(0.08)

Apr.
Near shore 0.06(0.11)
Lirmetic --

. . O.Ol(O.01) 0.06CO.12) 0.04CO.07) 0.03(0.03) 0.13(0.18)
-. O.Ol(O.01) 0.05(0.08) - - 0.03(0.02) 0.15(0.14)

4
0.01(0.01) - - 0.01(0.01)
0.04(0.03) - - 0.04(0.03)

. . -- 0.05(0.07) 0.07(0.08) - - 0.17(0.25)
-- -. O.Ol(O.02) 0.07(0.10) 0.02CO.04) 0.10(0.16)

4
1.32Cl.57)  O.Ol(O.02) 1.33~1.57)
2.1lc2.83) - - 2.11(2.83)

May
Near shore 0.4OCO.80)
Limnetic 0.2OCO.40)

June
Near shore 0.02CO.06)
Limnetic --

. . -- -_ -- . . 0.40(0.80)

. . .- 0.00(0.01) 0.04(0.09) - - 0.24(0.38)

4
0.37CO.36) - - 0.37(0.36)
3.67C4.83) - - 3.67c4.83)

. . . . 0.22CO.54) - - . . 0.25tO.53)

. . -- -_ . . . . _-

6
0.04tO.06) - - 0.04(0.06)
o.oo(O.01) 0.05(0.09) 0.06CO.09)

July 6
Near shore 1.05(1.44) O.Ol(O.01) 0.09(0.12)  0.15(0.24) 0.06(0.09) O.Ol(O.02) 1.36Cl.60) 0.18CO.27) - - 0.18(0.27) 1.54
Lirrnetic 0.36(0.53) 0.07(0.18) 0.04CO.09)  0.05(0.10) O.Ol(O.03) O.Ol(O.02) D.55tO.67) 0.04(0.05) - - 0.04(0.05) 0.58

Aug.
Near shore
Limetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

0.02(0.05) 0.00(0.01) 0.04(0.11)  0.16CO.33) -- 0.47(1.40) 0.69(1.40)
0.02(0.05) - - 0.15(0.32) 0.11(0.20) -- 0.50(1.50) 0.78Cl.78)

._ . . 0.22(0.37)  0.49CO.84) - - . . 0.71(1.22)

.- __ 0.02(0.01)  0.01(0.02) - - __ 0.03(0.02)

0.26(0.46) 0.9lCl.55) 0.25CO.33) 0.02(0.03) -- . . 1.44(1.88)
O.Ol(O.02) O.Ol(O.01) 0.64CO.43)  O.Ol(O.01) -- 0.01(0.01) 0.67CO.43)

9
0.01(0.01) - - 0.01(0.01)
0.02(0.07) - - 0.02(0.07)

3
0.03(0.05) - - 0.03(0.05)
0.04(0.05) - - 0.04(0.05)

3
0.08(0.12) 0.03(0.02) O.ll(O.13)
0.14(0.20) - - 0.14(0.20)

. .

. .

0.13
0.19

1.50
2.21

0.77
3.91

0.28
0.06

0.69
0.80

0.74
0.06

1.55
0.81

a/ Cot = Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C27. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1985.

Terrestrialw Aquatic?'
Date Grand
Sites cot Hem Horn HW Ara Other Total Dip Other Total N Total

Apr. 5
Near shore 1.02(1.76) 0.06(0.10) -- 0.03(0.08) 0.39(0.37) 0.02(0.04) 1.53(2.26) 3.35(6.15) O.Ol(O.01) 3.36(6.15)

Limnetic 0.72(0.71)  - - . . -_ 0.14(0.23) - - 0.86(0.88) 2.01(2.46) 0.05(0.12) 2.07(2.44)

May 4
Near shore O-69(1.38)  0.12(0.25) 1.42(2.83) 0.56(1.11) -- ._ 2.78(5.24) 0.09(0.13) 0.35(0.50) 0.45(0.48)
Limetic O-37(0.74)  - - 0.03(0.05) 0.20(0.36) -- -- 0.59(1.14) 0.30(0.52) 0.03(0.07) 0.33(0.50)

June 6
Near shore 0.80(0.50)  0.15(0.15) O.Ol(O.02) 0.34(0.59) 0.19(0.25) O.Ol(O.03) l.51(1.11) 0.20(0.22) -- 0.20(0.22)
Limnetic 1.12(1.10) 0.02(0.05) O.Ol(O.02) 0.16(0.20) 0.03(0.05) -- 1.35(1.22) O.Ol(O.01) 0.01(0.03) 0.02(0.02)

July 6
Near shore O-53(0.60)  D.l6(0.19) 0.39(0.57) O-39(0.41) -- . . l-47(0.88) 0.36(0.57) O.OO(O.01) 0.36(0.58)
Litmetic 0.13(0.21)  0.27(0.33) 0.14(0.11) 0.20(0.30) O.Ol(O.02) 0.07(0.17) 0.81(0.64) 0.04(0.04) O.Ol(O.02) 0.05(0.03)

Aug. 6
Near shore -- 0.01(0.01) O.Ol(O.02) 0.30(0.48) -- -- 0.32(0.47) l.Ol(2.17) - - 1.01(2.17)
Limetic 0.03(0.05)  0.01(0.01) O.OO(O.Ol) O-62(1.51) 0.02(0.04) O.Ol(O.03) 0.69(1.56) O.Ol(O.01) -- 0.01(0.01)

Sept. 6
Near shore 0.06(0.10)  O.ll(O.19) 0.40(0.58) 0.08(0.12) 0.03(0.07) -- 0.68(0.65) 0.32(0.50) O.Ol(O.02) 0.33(0.49)
Limnetic 0.00(0.01)  0.08(0.10) 0.07(0.12) O-33(0.73) O.ll(O.19) -- 0.59(0.91) 0.00(0.01) 0.01(0.01) 0.01(0.02)

Oct.
Near shore --
Limnetic --

5
.- . . .- -_ _. .- . . 0.02(0.04) 0.02(0.04)
.- __ 0.01(0.02) - - . . o.Ol(O.02) O.Ol(O.Ol) O.Ol(O.02) 0.02(0.03)

sv Co1 = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.

4.88
2.93

3.23
0.92

1.71
1.38

1.84
0.86

1.32
0.70

1.01
0.60

0.02
0.03



Table C28. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Rexford  area of Libby Reservoir during 1986.

TerrestrialV
Date

Aquaticy
Grand

Sites cot HeIll HoIll HP Ara Other Total Dip Other Total N Total

Apr.
Near shore
Lirmetic

May
Near shore
Limetic

June
Near shore
Limnetic

July
Near shore
Limnetic

6
3.llc6.35) -- 0.00(0.01) 2.72C6.60) -- 0.71(1.73) 6.54C12.65) -- -_ _-
2.7Ot6.53) O.Ol(O.04) 2.65c6.49) 2.85C6.87) 0.04CO.11) -- 8.26(19.871 0.04CO.08) -- 0.04(0.08)

Aug.
Near shore
Lirrnetic

Sept.
Near shore
Limnetic

Oct.
Near shore
Limnetic

Nov.
Near shore
Limnetic

Dec.
Near shore
Limnetic

2
5.53t9.18) -- . . 5.53c9.21) 0.02CO.03) -- 11.08(18.39) -- 0.55(0.95) 0.55CO.95)
0.07(0.09) 0.05CO.08) -- 0.05(0.09) -- -. 0.17(0.16) -- . . . .

6
1.23(1.89) 0.44Cl.06) - - 0.48CD.74) 0.03tO.07) - - 2.17(3.41) D.65CO.92) 0.07CO.18) 0.73(0.88)
0.71(1.09) 0.02CO.04) -- 0.04(0.11) -- .- 0.77Cl.10) 0.74Cl.03) 0.01(0.02) 0.75Cl.02)

6
0.67tO.79) - - 0.03(0.05) 0.06CO.09) 0.02CO.04) 0.04(0.10) 0.8lCO.79) 0.06(0.14) -- 0.06(0.14)
0.18CO.29) 0.07CO.18) O.OO(O.QO) D.lO(O.16) 0.02CO.04) 0.07CO.16) 0.44cO.38) -- . . . .

6
0.27CO.38) 0.04CO.06) O.lOCO.10) 0.7lcl.33) -- -- l.ll(1.46) O.OO(O.OO) --
0.02CO.04)

0.00(0.00)
-- 0.01(0.01) 0.12(0.21) -- -. 0.15(0.20) O.OO(O.01) -- 0.00(0.01)

3
. . . . 0.00(0.01) -- -. -. 0.00(0.01) -- ._ . .
_- . . .- 0.00(0.01) -- -_ o.OO(O.01) 0.05CO.08) -- 0.05(0.08)

9
O.Ol(O.02) 0.03(0.08) 0.03CO.05) 0.04(0.10) O.Ol(O.03) 0.02CO.03) 0.14(0.21) 0.03CO.02) O.OO(O.01) 0.03(0.03)
0.04(0.11) 0.27CO.78) O.Ol(O.02) O.OO(O.00) O.OO(O.01) -- 0.32CO.79) 0.02CO.02) O.OO(O.01) 0.02CO.02)

3
-_ -. 0.00(0.01) -- -. -- 0.00(0.01) 0.02(0.02) -- 0.02(0.02)
-. . . -- _- _- . . -- 0.01(0.02) -- 0.01(0.02)

3
. . . . ._ ._ . . ._ -. -_ . . ._
. . . . _. . . . . _. . . __ . . _.

11.63
0.17

2.89
1.52

0.87
0.44

6.54
8.30

1.11
0.15

0.00
0.05

0.17
0.34

0.02
0.01

.-

.-

ti Co1 = Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym q Hymenoptera; Ara = Arachnida; Dip q Diptera.



Table C29. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1987.

Terrestrialg -c&fAquatic
Date Grand
Sites cot Hem Horn HV Ara Other Total Dip Other Total N Total

Mar. 3
Near shore -- -- _- . . o.oo(o.ol) 0.05(0.06) 0.06(0.07) 0.04(0.06) O-03(0.06) 0.08(0.07)

Limnetic 0.05(0.09)  - - 0.01(0.02) O.Ol(O.02) 0.32(0.40) 0.11(0.19) 0.51(0.44) O-20(0.11) 0.01(0.01) 0.21(0-12)

Apr.
Near shore O-91(0.93)  0.03(0.05) O.OO(O.Dl) 0.36CO.28) --
Lirmetic 0.47(0.55)  - - _- 0.02(0.01) - -

W
Near shore O-25(0.30)  O.ll(O.08) 0.03(0.03) 0.06(0.06) --
Limnetic 0.18(0.20)  D.O4(0.06) 0.01(0.01) O-58(1.00) 0.02(0.03)

June
Near shore 0.04CO.06) 0.03CD.05) O.OO(O.01) 0.29CO.29) O.O9(O.15)

Limnetic 0.07(0.12) 0.05(0.09) - - . . . .

July
Near shore 1.8OC1.98) 0.09CO.09) 0.17tO.23) 0.06CO.07) --
Limnetic D.O2(0.03) 0.02CO.02) 0.07CO.06) O.lOC0.15) --

Sept.
Near shore --
Limnetic --

-. _- . . .-
-. . . .- _-

-_
. .

.-

. .

_-
. .

. .

. .

. .

. .

3
1.30(1.19) o-90(0.75) O.lO(O.18) l.OO(O.90)
0.49(0.56) O-25(0.26) 0.33(0.46) O-59(0.35)

3
0.44(0.46) 0.02(0.02) -- 0.02(0.02)
0.82(1.08) 0.02(0.01) -- 0.02(0.01)

3
0.45(0.35) 0.01(0.02) -- 0.01(0.02)
0.12(0.10) -- . . --

3
2.12(2.37) 0.02(0.02) -- 0.02(0.02)
0.21(0.21) -- .- . .

3
_- 0.00(0.01) - - 0.00(0.01)
. . 0.00(0.01) -- 0.00(0.01)

0.14
0.72

2.30
1.08

0.47
0.84

0.46
0.12

2.14
0.21

0.00

0.00

d Co1 = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara q Arachnida; Dip q Diptera.



Table C30. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Rexford area of Libby Reservoir during 1983-1987.

Date Terrestrialg Aquaticg Grand
Sites co1 Hem HoIll Hylll Ara Other Total Dip Other Total N Total
Jan. 2
Near shore -- -- -- -- _- -- -_ -- -_ -- _-
Litmetic -- __ _- __ _- __ -- -- -_ -_ --

Mar. 7
Near shore -- -_ O.OlCO.01) 0.03CO.09) 0.02CO.05) 0.04CO.04) O.lOCO.14) 0.02CO.04) O.Ol(O.04) 0.04CO.06) 0.13
Limnetic 0.06(0.08) - - 0.01(0.02) 0.03CO.06) 0.14CO.29) 0.06CO.12) 0.3OCO.33) O.ll(O.11) O.OO(O.01) O.ll(O.12) 0.41

Apr. 15
Near shore 1.64C4.16) 0.03CO.06) O.OOCO.00) 1.20C4.14) 0.15CO.27) O.OlCO.02) 3.03C8.22) 1.65C3.63) 0.13CO.42) 1.78(3.60) 4.81
Linnetic 0.35(0.54) 0.01(0.04) - - 0.02CO.04) 0.07(0.15) O.Ol(O.02) 0.44CO.62) 1.29(2.10) 0.08CO.23) 1.37C2.07) 1.81

May 17
Near shore 0.73C1.33) 0.2OCO.63) 0.34C1.37) 0.31CO.68) O.OlCO.04) -- 1.59C3.16) 0.34CO.60) O.ll(O.28) 0.45CO.61) 2.04
Limnetic 0.42CO.75) O.Ol(O.03) O.Ol(O.02) 0.16(0.44) O.Ol(O.04) -- 0.61CO.92) 1.2OC2.61) O.Ol(O.03) 1.21C2.61) 1.82

June 21
Near shore 0.43CO.59) O.OSCO.10) O.Ol(O.03) 0.22CO.43) 0.07CO.16) 0.02CO.05) 0.8OCO.90) 0.09CO.15) --
Limnetic

0.09CO.15)
0.38CO.75) 0.03(0.10) 0.00(0.01) 0.07CO.15) O.OlCO.04) 0.02CO.09) 0.53CO.85) O.OOCO.01) 0.02CO.05) 0.02CO.05)

0.88
0.55

July 21
Near shore 1.60C3.49) 0.06CO.12) 0.16CO.34) 0.94C3.51) 0.02CO.05) 0.2OCO.92) 2.98C6.84) 0.16CO.35) O.OO(O.00) 0.16CO.35) 3.14
Limnetic 0.92C3.48) O.lO(O.22) 0.82C3.46) 0.9OC3.66) 0.02CO.06) 0.02CO.09) 2.78t10.56) 0.03CO.05) O.OOCO.01) 0.04CO.05) 2.81

Aug. 23
Near shore 0.08CO.21) O.Ol(O.03) 0.04CO.09) 0.33CO.74) -- 0.18CO.88) 0.64C1.17) 0.26C1.13) - -
Limnetic 0.02(0.04) 0.00(0.01) 0.06CO.20) 0.24CO.77) O.OlCO.02) 0.2OCO.94) 0.53C1.35) O.OlCO.04)

0.26(1.13) 0.91
-- 0.01(0.04) 0.54

Sept. 18
Near shore 0.06CO.18) 0.04CO.11) 0.22C0.41) O.ll(O.35) 0.02CO.04) O.OO(O.00) 0.44CO.70) O.ll(O.31) O.OO(O.01) 0.12CO.31)
Limnetic

0.56
O.OO(O.00) 0.03CO.06) 0.03CO.07) 0.12CO.42) 0.04CO.12) 0.55C2.31) 0.76C2.35) 0.02tO.04) O.OOCO.01) 0.02CO.04) 0.78

act. 21
Near shore 0.06(0.19) 0.14CO.59) 0.05(0.14) 0.02CO.07) O.Ol(O.03) O.Ol(O.02) 0.29CO.78) 0.02(0.05) O.Ol(O.02) 0.03(0.06)
Lirmetic 0.08CO.27) 0.21(0.64) 0.15(0.31) O.OO(O.01) 0.03CO.08) O.OO(O.00) 0.48CO.99) O.OS(O.09) O.Ol(O.03) 0.06(0.10)

0.32
0.53

Nov. 4
Near shore -- -_ 0.01(0.01) -- __ __ 0.01(0.01) 0.02CO.02) - -
Limnetic

0.02(0.02) 0.02
0.05CO.08) -- 0.01(0.02) -- __ 0.00(0.00) 0.06(0.08) 0.01(0.01) -- 0.01(0.01) 0.07

Dec.
Near shore --
Limnetic --

4
__ __ -_ __ __ -- _- __ __ __
-- -- -_ __ _- -_ -- -_ -- __

2' Co1 = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C31. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1983.

Terrestrialg Aquati@

Date Grand

Sites cot Hem HofIt HV Ara Other Total Dip Other Total N Total

Sept. 3
Near shore 0.67(0.74)  -- 0.00(0.01) 0.02(0.03) -- _- 0.69(0.78) 0.95(1.57) - - 0.95(1.57) 1.64
Lirmetic 0.21(0.41)  - - 0.18(0.35) - - -- 0.02(0.02) 0.41(0.76) 0.71(1.39) 0.02(0.04) D-72(1.38) 1.13

Oct. 3
Near shore 0.30(0.32) 0.20(0.34) 0.15(0.26) O.Ol(O.DT) -- -- 0.66(0.89) 0.03(0.04) -- 0.03(0.04) 0.69
Limetic 0.04(0.06)  O-22(0.38) O.Ol(O.01) 0.32(0.55) -- __ 0.58(1.00) O.Ol(O.02) - - 0.01(0.02) 0.59

Nov. 2
Near shore 0.66(0.93)  0.07(0.09) o-47(0.66) O.O4(0.05) O.Ol(O.01) O-04(0-05) l-26(1-77) O-35(0-49) O-01(0-01) O-35(0-50) 1.62
Litmetic -- 0.10(0.13) -- -- -- -- 0.10(0.13) -- _- -- 0.10

ti Co1 = Coleoptera; Hem = Hemiptera; Hots = Nomoptera; Hym q Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C32. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1984.

Terrestriald
Date

Aquati&

Sites co1
Grand

Hem HCWI Hm Ara Other Total Dip Other Total N Total

July
Near shore
Litmetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Litmetic

Oct.
Near shore
Lirmetic

Nov.
Near shore
Limetic

6
0.36(0.48) 0.03(0.08) O.Ol(O.01) 0.04(0.09)  0.04(0.07) --
0.16(0.31) O.Ol(O.02) O.Ol(O.01) 0.05(0.13)

0.48(0.52) 0.41(0.98) 0.30(0.72) 0.71(1.10)
-- O.OO(O.01) 0.23(0.33) O.Ol(O.01) 0.07(0.12) O-07(0.12)

9
0.22(0.47) 0.12(0.30) 0.04(0.08) O-14(0.13)  0.29(0.86) O.OO(O.01) 0.80(1.03) 0.47(0.50) O.OO(O.00) O-47(0.50)
0.02(0.05) 0.14(0.29) O.Ol(O.02) 0.36(0.91)  0.02(0.06) -- 0.55(0.90) 0.17(0.25) O.D3(0.08) 0.20(0.32)

3
-- -- 0.02(0.03) -- -- -- 0.02(0.03) -- -- -_
-- _- 0.04(0.06) - - _- __ 0.04(0.06) 0.06(0.04) - - 0.06(0.04)

0.54(1.16) 0.06(0.09) 0.03(0.06) 0.19(0.31) 0.02(0.03) D.O2(0.06) 0.86(1.42) 0.14(0.23)
6

--
O.OO(O.01) 0.02(0.03) 0.04(0.05) O.Ol(O.01)  O.Ol(O.01)

0.14(0.23)
-- 0.07(0.09) O.OO(O.00) D.Ol(O.01) O.Ol(O.02)

2
_- -_ __ -- -- -- -_ -_ 0.01(0.01) 0.01(0.01)
-_ -- -- -_ _- _- -- -- -- _-

1.20
0.30

1.28
0.75

0.02
0.09

1.01
0.08

0.01
--

d Co1 = Coleoptera; Hem = Hemiptera; Horn = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C33. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1985.

Terrestrialg -a/Aquatic
Date Grand
Sites co1 HeIll HoIll HV Ara Other Total Dip Other Total N Total

June
Near shore 0.65CO.89) 0.24(0.36) O.OO(O.00) O.llCO.26) 0.03CO.08)
Limnetic 0.2OCO.41) 0.2OCO.46) 0.06CO.13) -- 0.01(0.03)

July
Near shore O.OO(O.01) 0.32CO.72) 0.06CO.11) 0.0lC0.02) 0.02(0-05)

Litmetic 0.09(0.12) 0.07(0.17) O.OOCO.00) 0.05C0.09) --

Aug.
Near shore 0.2OCO.22) O.ll(O.27) 0.05CO.09) 0.04CO.05) 0.01(0.02)
Limetic -- 0.02CO.05) 0.02CO.03) O.OO(O.01) --

Sept.
Near shore 0.04CO.10) O.OlCO.01) 0.35CO.76) 0.13CO.16) O.Ol(O.03)
Limnetic 0.14CO.34) 0.03(0.05) 0.10(0.19) 0.01(0.03) --

Oct. 6
Near shore --
Limetic  --

-- -- -_ --
-_ -_ 0.00(0.00) 0.01C0.03)

__ __ -- __ --
-- O.Ol(O.03) 0.06CO.14) O.OlCO.03) 0.07CO.17)

6
-- 1.03(1.11) 0.08CO.12) 0.92C1.66) l.OOC1.76)
-- O-48(0.53) O.Ol(O.01) O.Ol(O.02) 0.02CO.03)

5
-_ 0.43CO.79) 0.01C0.02) - - 0.01C0.02)
__ 0.22(0.21) 0.02CO.02) O.lO(O.19) 0.12CO.18)

7
-- 0.41CO.52) 0.09CO.14) - - 0.09(0.14)
-- 0.05CO.07) 0.02CO.03) - - 0.02(0.03)

6
-_ 0.54CO.70) 0.01C0.02) 0.01(0.01) 0.01(0.03)
__ 0.29fO.35) 0.09CO.12) - - 0.09CO.12)

2.04
0.50

0.44
0.33

0.50
0.07

0.55
0.37

--

0.09

d Co1 = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip = Diptera.



Table C34. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1986.

Date
Sites co1 HelIl

Terrestrial fd Aquaticii/

Grand
HoIll HW Ara Other Total Dip Other Total N Total

June
Near shore
Limnetic

July
Near shore
Limnetic

Aug.
Near shore
Limnetic

Sept.
Near shore
Lirmetic

0.01C0.03) - - 0.00(0.00) -- --

0.02CO.05) O.OlCO.01) O.Ol(O.01) -- _-

Oct.
Near shore
Limnetic

2.57C1.10) O.OlCO.01) - - _- -_

0.68CO.15) 0.28CO.49) - - 0.00(0.01) --

0.03(0.06) -- 0.01C0.01) 0.07(0.15) 0.03(0.07)
-- __ 0.01(0.01) 0.04(0.09) - -

0.03(0.04) - - 0.01(0.04) 0.41CO.66) - -
-- -- O.OO(O.00) 1.29C2.61) --

-_ 0.00(0.01) - - 0.01(0.02) - -
0.04(0.10) 0.00(0.00) 0.00(0.00) -- 0.01(0.03)

-_
-_

__
--

--
_-

_-
-_

--
_-

3
2.58C1.12) 0.46CO.76) 0.06CO.10) 0.52CO.71)
0.96CO.42) O.OOCO.01) 0.07CO.12) 0.07CO.12)

6
0.14CO.25) 0.02CO.04) - - 0.02CO.04)
0.05(0.09) 0.00(0.00) 0.3OCO.73) 0.3OCO.73)

6
0.45CO.64) 0.03CO.05) - - 0.03(0.05)
1.29C2.61) 0.0710.08) - - 0.07(0.08)

6
0.01C0.03) 0.00(0.01) - - 0.00(0.01)
0.03CO.06) O.OlCO.01) - - 0.01(0.01)

3.09
1.04

0.16
0.35

0.47
1.36

0.02
0.04

6
O.OlCO.02) O.OO(O.00) 0.13CO.28) 0.13CO.28) 0.15
0.06CO.11) O.OO(O.00) O.Ol(O.02)  0.02CO.02) 0.08

s?/ Co1 = Coleoptera; Hem = Hemiptera; Hom = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip q Diptera.



Table C35. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1987.

Terrestrialti Aquatica-/
Date
Sites co1 HeIll Ara Other Total Dip

Grand
Other Total N Total

June
Near shore
Limetic

July
Near shore
Limnetic

Sept.
Near shore
Limnetic

3

0.06(0.10) O.Ol(O.02) -- 1.14(1.44) 0.02(0.03) -- 1.22(1.55) -- -- -- 1.22

0.90(1.56) -- .- 0.09(0.02) -- _- 0.98(1.56) -- __ wm 0.98

3
0.08(0.08)  0.01(0.02) 0.02(0.02) l.lS(1.99) O.OO(O.01) 1.58(2.74)  2.86(2.38) O-08(0.14) -- 0.08(0.14) 2.95

-- O.OO(O.01) 0.05(0.08) 0.29(0.46) -- __ 0.34(0.43) -- -- _- 0.34

3

-- -- 0.01(0.01) -- _- -v 0.01(0.01) 0.09(0.09) -- 0.09(0.09) 0.09
__ -- _- -_ -- -- __ 0.05(0.06) -- 0.05(0.06) 0.05

d Co1 q Coleoptera; Hem q Hemiptera; Hcnn q Hcmptera; Hym = Hymenoptera; Ara = Arachnida; Dip q Diptera.



Table C36. Surface invertebrate biomass in g/ha (standard deviation) by Order, in the Canada area of Libby Reservoir during 1983-1987.

Terrestrialal AquaticaJ
Date Grand
Sites co1 Hesl HoIll HP Ara Other Total Dip Other Total N Total

June 12
Near shore 0.98(1.25) 0.12(0.27) O.OO(O.00) 0.34(0.80) 0.02(0.06) -- 1.47(1.30) 0.15(0.38) 0.48(1.21) 0.63(1.30) 2.10
Lirmetic 0.50(0.79) 0.17(0.39) 0.03(0.10) 0.02(0.04) O.Ol(O.02) -- 0.73(0.82) O.OO(O.01) 0.02(0.06) 0.03(0.06) 0.75

July 20
Near shore 0.13(0.29) 0.09(0.36) 0.02(0.06) O.Zl(O.77) 0.03(0.06) 0.24(1.06) 0.72(1.30) 0.14(0.54) 0.09(0.40) 0.23(0.65) 0.96
Lirmetic 0.07(0.18) 0.02(0.08) O.Ol(O.03) 0.08(0.20) -- 0.00(0.00) 0.19(0.27) O.Ol(O.01) 0.14(0.41) 0.14(0.41) 0.33

Aug. 22
Near shore 0.16(0.33) O-09(0.24) 0.04(0.07) 0.18(0.36) 0.12(0.55) O.OO(O.00) 0.58(0.79) 0.23(0.38) O.OO(O.00) 0.23(0.38)
Limnetic O.Ol(O.03) 0.07(0.19) O.Ol(O.02) 0.50(1.48) O.Ol(O.04) -- 0.59(1.47) 0.10(0.17) 0.01(0.05) O.ll(O.22)

0.81
0.70

Sept. 21
Near shore O.ll(O.34) O.OO(O.01) O.lO(O.41) 0.04(0.10) O.OO(O.02) -- 0.26(0.52) 0.15(0.60) O.OO(O.01) 0.15(0.60) 0.41
Litmetic 0.08(0.24) O.Ol(O.03) 0.07(0.18) O.OO(O.02) -- 0.00(0.01) 0.17(0.37) 0.17(0.59) 0.00(0.01) 0.17(0.59) 0.34

Oct. 21
Near shore 0.20(0.64) 0.05(0.14) 0.03(0.10) 0.06(0.18) O.Ol(O.02) O.Ol(O.03) 0.34(0.86) 0.05(0.13) 0.04(0.15) O-08(0.19) 0.43
Limnetic 0.02(0.06) 0.04(0.14) O.Ol(O.03) 0.05(0.21) O.Ol(O.02) -- 0.12(0.38) 0.02(0.08) O.Ol(O.02) 0.03(0.09) 0.15

Nov. 4
Near shore 0.33(0.66) 0.03(0.07) 0.24(0.47) 0.02(0.04) O.OO(O.01) 0.02(0.04) 0.63(1.26) 0.17(0.35) O.Ol(O.01) 0.18(0.35) 0.81
Limetic -- 0.05(0.10) -- -- -- __ 0.05(0.10) -- __ __ 0.05

al Co1 = Coleoptera; Hem = Hemiptera; Horn  = Homoptera; Hym = Hymenoptera; Ara = Arachnida; Dip q Diptera.
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Table Dl. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Tenmile area of Libby Resexvoir during 1983.

Month (N) Daphnia Bosmina Cyclops DiaptcmnIs Epis&u?& Leptodorag

August (1) 0.87
*****

0.14
*****

2.86
*****

1.72
*****

0.00
*****

0.00
*****

3.70
14.53

14.13
133.50

0.00
0.00

Sept=nb= (4) 1.63 0.31 4.56
0.99 0.04 12.07

0.00
0.00

October (5) 1.56 0.01 2.02 1.40 9.88
0.85 0.00 0.92 0.34 14.83

1.78 1.60
***** *****

7.07
*****

0.00
*****

November (1) 1.08 0.01
***** *****

(2) 0.44 0.00 1.36 1.07
0.00 0.00 0.00 0.10

0.00
0.00

0.00
0.00

d EpischuraardLeptodoraWeremeasured as numberperm3.
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Table D2. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Tenmile area of Libby Reservoir during 1984.

Month (N) Daphnia Eosmina Cyclops Diaptw Epischur& Leptcdorag

January (5)

(1)

(2)

April (4)

(4)

June (6)

JOY (9)

August (6)

September (3)

October (3)

November (3)

wr (3)

0.55 0.00 3.31 1.16 19.81 0.00
0.00 0.00 1.48 0.15 460.40 0.00

4.57 0.11 5.28 3.02 0.00 0.00
***** ***** ***** ***** ***** *****

0.28 0.03 1.47 0.97 3.54 0.00
0.00 0.00 0.08 0.24 24.99 0.00

0.44 0.03 1.04 0.75 0.00 0.00
0.05 0.00 0.14 0.08 0.00 0.00

1.06 0.05 0.86 0.55 0.00 0.00
0.62 0.00 0.40 0.10 0.00 0.00

1.95 0.53 5.81 0.67 1.18 0.00
0.48 0.13 11.25 0.35 8.33 0.00

2.09 1.25 6.16 0.70 54.62 0.00
1.14 0.47 13.81 0.73 1636.00 0.00

2.14 2.10 5.47 1.14 20.03 0.00
0.67 9.31 4.76 0.27 108.40 0.00

1.69 0.71 8.49 1.24 2.36 0.00
0.32 0.04 6.66 0.03 16.66 0.00

1.58 2.10 5.23 1.10 16.50 0.00
1.03 2.31 9.58 0.04 216.80 0.00

1.47
0.07

0.47
0.01

0.84
0.06

1.18 18.86 2.36
0.10 217.60 16.66

0.16
0.00

4.00
3.77

2.39
0.19

0.53 9.40 0.00
0.02 66.27 0.00

g Epischura and Leptodorawere measuredasnumberperm3.
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Table D3. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
T&mile area of Libby Reservoir during 1985.

Month 0 Daphnia Bosmina Cyclops Diaptomus Epischur& Leptodo rag

JanuarY (3)

April (4)

MaY (7)

JUl-E (7)

JOY (7)

Ausust (6)

September (6)

October (6)

November (3)

- (3)

0.89
0.07

0.76
0.13

1.01
0.44

4.76
1.31

2.39
0.62

0.88
1.37

0.87
0.22

1.08
0.42

0.67
0.01

0.74
0.12

0.15 5.69
0.00 2.33

0.16 11.16
0.01 90.75

0.21 9.66
0.04 64.27

3.55 12.10
6.62 176.30

2.76 4.68
12.11 11.40

0.15 2.03
0.02 5.18

0.98 1.49
1.04 0.11

0.99 2.96
0.17 0.70

0.17 1.45
0.00 0.16

0.22 2.23
0.01 3.62

0.91 2.36 0.00
0.02 16.66 0.00

1.25 1.77 0.00
0.32 12.50 0.00

0.80 1.01 0.00
0.48 7.14 0.00

1.08 71.74 0.00
0.70 10966.00 0.00

1.13 21.06 27.63
0.24 209.20 1099.00

2.40 0.16
2.12 0.03

4.20
0.74

7.29
12.04

1.09
0.12

1.70
0.82

0.01
0.00

0.02
0.00

0.01
0.00

0.01
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

w EpischuraandLeptodorawere meas~edasnunberperm~.
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Table D4. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Tenmile area of Libby Reservoir during 1986.

Month (N) Daphnia EWmina Cyclops Diapm Epischura*  Leptodora*

January (3)

April (3)

I@Y (6)

June (6)

JUY (6)

August (6)

September (6)

0.81 0.08 2.09 2.00 2.36 0.00
0.04 0.00 1.12 0.14 16.66 0.00

1.66 0.03 2.74 1.27 0.00 0.00
3.73 0.00 6.08 0.33 0.00 0.00

4.08 0.02 3.88 1.53 23.52 0.00
19.00 0.00 17.56 4.86 1505.00 0.00

3.07 0.03 7.18 1.22 21.21 0.00
4.46 0.00 13.48 0.22 680.00 0.00

3.12 0.02 3.03 1.61 23.57 0.00
8.84 0.00 0.31 1.97 313.90 0.00

1.10 0.00 2.53 2.76 12.95 9.43
0.32 0.00 0.82 1.34 68.40 193.70

2.83 0.02 1.56 5.51 4.71 0.00
2.62 0.00 0.48 3.12 73.25 0.00

W EpischuraandLeptodoraweremeasured as number per m3.
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Table D5. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Tenmile area of Libby F&sexvoir during 1987.

Month (N) Daphnia Bosmina Cyclops Diaptarrms Epischur& Leptodorav

0.50 0.01 1.49 0.85 0.00 0 . 0 0
***** ***** ***** ***** ***** Jr****

April (4)

IQY (4)

June (4)

JOY (3)

September (3)

0.28 0.01 0.86 0.94 2.36 0.00
0.00 0.00 0.01 0.24 16.66 0.00

1.03 0.03 1.22 1.47 0.00 0.00
0.71 0.00 1.56 1.19 0.00 0.00

2.05 0.17 19.50 2.31 99.50 0.00
1.39 0.01 19.06 0.71 8686.00 0.00

1.58 0.59 7.58 0.33 15.89 0.00
0.88 0.20 52.50 0.03 79.40 0.00

0.96 0.35 5.10 0.83 7.06 0.00
0.68 0.05 2.65 0.07 49.70 0.00

1.31 0.59 4.70 0.74 42.43 0.00
0.23 0.03 1.98 0.00 149.80 0.00
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Table D6. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Tenmile area of Libby Reservoir during 1983-1987.

Month (N) Daphnia E?osmi~ Cyclops Diaptw Episch& Leptodoraq

January

April

June

JdY

August

September

October

NOV-

December

(12) 0.70 0.06 3.45 1.28 9.43 0.00
0.05 0.01 3.40 0.29 257.80 0.00

(1) 4.57 0.11 5.28 3.02 0.00 0.00
***** ***** ***** ***** ***** ****Jr

(5) 0.28 0.02 1.10 0.95 2.83 0.00
0.00 0.00 0.14 0.18 15.00 0.00

(15) 0.93
0.92

0.07
0.00

4.13
40.33

1.17
0.47

0.47
3.33

0.00
0.00

(21) 2.10 0.12 8.21 1.25 26.01 0.00
6.99 0.02 69.27 1.90 3117.00 0.00

(23) 3.03 1.33 8.39 0.88 30.44 0.00
3.25 4.17 67.58 0.44 3996.00 0.00

(25) 2.29 1.27 4.86 1.06 32.06 7.74
2.85 4.34 9.23 0.85 989.50 435.00

(19) 1.34 0.72 3.32 2.08 10.47 2.98
0.97 3.53 5.30 1.53 123.20 74.08

(22) 1.71
1.46

3.46 3.59 9.96
8.89 6.10 250.70

(14) 1.36
0.64

3.11 3.86 7.08
3.53 14.25 84.40

(7) 1.07
0.19

2.59
3.05

9.09
162.20

(8) 0.56
0.06

0.51
0.41

0.88
1.07

0.43
0.17

0.14
0.01

2.07
1.29

1.20
0.11

1.10
0.55

3.53
42.58

0.00
0.00

0.00
0.00

1.01
7.14

0.00
0.00

v Epischura and Leptodora were measured as number per m3.
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Table D7. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Rexford area of Libby Reservoir during 1983.

Month (N) Daphnia EWm.ina Cyclops DiaV E@ch& LePtodOrd

September (4) 1.03 0.05 3.62 3.91 18.88 0.00
0.67 0.00 11.24 12.11 211.60 0.00

OCtObS (4) 0.86 0.02 2.21 2.57 5.29 0.00
0.21 0.00 0.48 0.67 45.58 0.00

November (3) 0.49 0.01 2.00 1.72 7.06 0.00
0.00 0.00 0.00 0.04 49.70 0.00

(2) 0.56 0.01 2.57 0.81 7.07 0.00
0.03 0.00 2.44 0.27 0.00 0.00

g Epischura andLeptodora weremeasuredasnumberperm3.
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Table D8. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Rexford area of Libby F3eservoi.r during 1984.

gMonth D i aCyclops isch Leptodora

JanuarY (2)

(2)

April (4)

(4)

June (6)

JOY (6)

August (9)

September

OCtObCX

NOV-

(3)

(6)

(3)

(3)

2.13 0.04 5.05 3.10 7.05 0.00
1.90 0.00 3.13 2.42 99.41 0.00

2.51 0.43 3.36 2.10 4.25 0.00
0.00 0.28 2.83 0.03 36.04 0.00

0.99 0.05 3.76 1.20 0.00 0.00
0.04 0.00 1.14 0.12 0.00 0.00

1.95 0.04 6.11 1.19 0.00 0.00
1.98 0.00 9.56 0.47 0.00 0.00

5.41 0.38 21.51 3.77 6.78 0.00
12.65 0.10 434.10 15.37 69.14 0.00

2.44 1.15 7.87 0.85 3.53 0.00
3.05 0.21 20.66 0.34 34.82 0.00

2.19 0.94 6.75 0.83 24.73 1.18
0.84 0.07 28.21 0.90 95.07 8.33

1.67 0.66 4.45 1.28 26.04 0.00
0.39 0.18 4.98 0.09 644.30 0.00

0.31 1.86 2.80 1.63 72.30 0.00
0.00 1.06 0.29 2.36 1189.00 0.00

1.89
2.99

3.40 1.65 29.46 0.00
4.79 0.56 508.60 0.00

0.50
0.08

2.02
1.88

0.11
0.00

0.22
0.11

2.13 0.68 21.19 0.00
1.24 0.16 349.80 0.00

0.65
0.03

2.05 0.53 9.43 0.00
0.13 0.06 267.00 0.00

w E@is&uraandLeptcxdoraweremeasured as number per m3.
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Table D9. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Rexford area of Libby Resesvoir during 1985.

Month (N) DaPhnia Eosmina Cyclops Diaptcxnus EPischura &Ptodord

(1)

April (6)

(6)

June (6)

JUY (6)

August

September

October

Navember

(6)

(6)

(5)

(3)

0.91
*****

0.40
0.02

0.40
0.05

5.17 5.17 5.70 0.86 20.43 4.32
9.53 13.27 5.19 0.45 523.40 25.41

3.97 0.16 6.29 1.92 4.88 12.96
12.58 0.02 34.17 2.44 11.61 268.00

1.04 0.07 3.63 3.80 0.08
0.77 0.03 4.10 2.31 0.00

1.55 0.19 5.28 5.73 0.02
0.77 0.01 69.42 10.89 0.00

1.33 0.39 2.65 4.56 0.01
0.37 0.08 0.96 6.41 0.00

0.84 0.24 2.10 2.54 0.01
0.05 0.02 0.24 0.18 0.00

0.11
*****

6.08
*****

5.09
*****

0 . 0 0
****Jr

0.00
*****

0.17 9.62 0.81 0.00 0.00
0.01 45.00 0.19 0.00 0.00

0.26 11.49 0.22 5.19 0.00
0.02 35.40 0.03 45.47 0.00

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

W Q+churaandLeptodoraw~measured as number per m3.
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Table DlO. Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Rexfordarea of Libby Reservoir during 1986.

Month (N) Daohnia Dosmina Cyclops Diam E@ischur&' Leptcdor&

JanuarY (3)

April (3)

(6)

June (6)

JUY (6)

August

September

OCtOb

(6)

(3)

(3)

3.06 0.11
1.60 0.00

0.25 0.01
0.13 0.00

5.31 0.03
35.36 0.00

2.62 0.02
9.13 0.00

1.00 0.00
0.08 0.00

1.01 0.00
0.99 0.00

0.91 0.00
0.30 0.00

1.00 0.00
0.82 0.00

1.16 2.42 0.00 0.00
0.55 0.41 0.00 0.00

0.21
0.01

0.17
0.00

0.00
0.00

0.00
0.00

8.60 1.55 20.50
93.24 1.94 682.90

0.79
3.71

0.00
0.00

5.62 1.36 7.27
10.22 2.37 40.03

4.93 2.96 10.59 2.36
2.17 0.53 54.83 13.33

2.56 3.26 11.78 1.18
5.82 4.36 73.41 8.33

1.73 4.00 43.82 0.00
1.20 4.83 3327.00 0.00

1.06 2.03 14.10 0.00
0.15 0.68 0.00 0.00

g EpischuraandLeptodoraweremeasured as number per m3.
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Table Dll Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Rexford area of Libby F&sexvoir during 1987.

Month (N) Daphnia Bosmina Cyclops Diaptw Epischur& Leptodord

March (3) 0.61 0.00 0.83 1.41
0.14 0.00 0.39 1.31

0.00
0.00

0.00
0.00

(3) 1.15 0.00 2.42 2.44 0.00 0.00
3.62 0.00 13.72 15.76 0.00 0.00

April

MaY (3) 0.27 0.01 3.26 0.28 4.12 0.00
0.05 0.00 5.29 0.08 27.32 0.00

(3) 7.35 0.90 17.30 2.28 21.19 0.00
19.93 0.41 21.99 4.84 349.80 0.00

June

JOY (3) 1.81 0.12 3.95 1.64 12.63 5.78
0.12 0.00 1.98 0.71 2.61 30.02

September (3) 1.17 0.82 4.07 0.56 42.43 0.00
0.45 0.07 0.81 0.00 350.70 0.00

q E$k5churaandLeptodoraweremeasured as number per m3.
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Table D12 Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 mverticaltows made in the
Rexford area of Libby Reservoir during 1983-1987.

Month (N) Daphnia Eosmina Cycloos Dial Episch~ I.,eptodor&

January (5)

F--=-Y (3)

March (5)

April (16)

(19)

June (21)

JOY (21)

August

September

(21)

(19)

October (18)

November (9) 0.61
0.06

Dece&er (5) 0.61
0.02

2.69 0.08 2.72 2.69 2.82 0.00
1.54 0.00 5.60 0.95 39.76 0.00

1.97 0.32 4.27 3.09 2.83 0.00
0.85 0.17 3.88 3.00 24.03 0.00

0.76 0.02 2.01 1.32 0.00 0.00
0.12 0.00 3.06 0.70 0.00 0.00

0.90 0.07 5.63 1.09 0.00 0.00
1.40 0.01 33.09 2.82 0.00 0.00

2.98 0.17 11.39 1.40 10.19 0.25
18.51 0.05 145.00 5.05 269.40 1.17

3.97 1.94 7.95 1.20 11.95 1.24
10.81 8.01 27.49 1.53 246.80 10.36

2.30 0.33 5.70 1.87 13.29 5.54
4.77 0.18 17.40 1.73 103.40 100.70

1.30
0.71

1.09
0.59

1.36
1.28

0.30 3.68 2.56 14.55 0.34
0.18 5.12 3.06 400.60 2.38

0.49
0.57

0.79
1.40

0.12
0.01

0.14
0.07

3.79 3.61 29.01
23.04 9.60 1258.00

2.54 2.73 13.35
2.42 3.36 317.00

2.08 1.65 9.42
0.37 0.75 187.10

2.25 0.64 8.49
0.76 0.12 135.20

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

g E&chura and Leptodora weremeasured as number per m3.
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Table D13 Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
GlnadaarBofLibby Resemoir during 1983.

Month (N) Daphnia Bosmina Cyclops DiaPkmus EPischur@ =Ptodord

Sepw (4) 2.81 0.09 3.26 4.51 15.74 0.00
1.55 0.00 1.02 1.74 74.53 0.00

OCtOber (4) 3.59 0.10 4.25 5.09 3.53 0.00
2.10 0.01 1.06 4.84 49.70 0.00

November (2) 10.47 0.54 6.38 7.61 7.05 0.00
0.00 0.00 0.00 0.00 99.41 0.00

V jj@is&uraandLept&ioElwe.rem- edasnumberperm3.
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Table D14 Mean zooplankton densities (No./l) (top line) and variances
(bottom line) estimated from O-30 mverticaltows made in the
Canada area of Libby Reservoir during 1984.

Month (n) Danhnia J3osmka Cyclops Diaptamus E@ischur& Leptodor&

JOY (6) 4.85 0.33 8.17 2.63 8.97
34.35 0.5040.82 6.54 193.80

August (8) 3.99 0.30 2.91 0.83 44.63
2.59 0.07 2.04 0.16 2809.00

September (3) 0.87 1.10 2.20 0.61 50.90
0.29 0.25 0.09 0.06 1018.00

CCtOber (6) 6.51 6.79 7.73 2.65 22.91 1.18
34.74 43.05 15.17 3.06 292.50 8.33

November (3) 2.77 1.80 5.65 2.14 17.50
9.32 2.43 20.68 2.77 289.80

0.00
0.00

0.00
0.00

0.00
0.00

0.00
0.00

w E@ischuraandLeptodoraweremeaswed as number per m3.
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Table D15 Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 mverticaltows made in the
GUIadaareaofLibby Reservoir during 1985.

Month (N) Daphnia Bosmina Cyclops Diaptcxmx ElPidd ~Pt~Or~

June (5) 4.06 0.17 2.90 0.26 0.00 1.89
30.78 0.12 19.03 0.15 0.00 17.78

0.54
0.00

2.95
17.35

7.45
111.00

JOY (2) 4.22 0.01 1.14
15.24 0.00 1.04

August (12) 2.52 0.04 3.78 3.08 13.39 13.77
4.31 0.00 1.84 7.00 1434.00 865.30

September (6) 3.99 0.48 7.81 14.44 0.06 0.01
18.83 0.14 16.67 163.30 0.01 0.00

0.00
0.00

October (6) 4.29 1.04 10.03 12.67
18.45 2.14 47.'94 136.70

0.02
0.00

0.00
0.00

0.00
0.00

November (3) 4.31 0.14 6.44 10.98
55.38 0.03 122.00 360.5

g EpischuraandLept~oraweremeasLlEd as number per m3.
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Table D16 Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Canada area of Libby Reservoir during 1986.

Month (N) Daphnia Bornnina Cvclops Diaptomus Epischurfl kptodor&

June (3) 7.65 0.05 9.74 4.37 40.57 8.73
104.0 0.00 43.17 9.53 753.3 78.37

JOY (6) 2.55 0.00 6.77 6.40 7.77 7.10
1.48 0.00 23.90 24.60 203.3 33.78

August (6) 2.22 0.01 3.59 1.71 9.22 1.18
1.02 0.00 4.90 2.55 125.3 8.33

September (6) 3.02 0.07 3.75 2.92 7.59 1.57
5.64 0.00 5.92 1.02 39.57 14.82

w EpischuraandLeptcdoraweremeasured as number per m3.
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Table D17 Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
Canada area of Libby Reservoir during 1987.

Month (N) Dqhnia Ekxmina Cyclops Diapt- EpiXh~ WptodOrd

June (3) 8.75 0.00 10.28 2.57 0.00 2.36
3.83 0.00 2.47 1.23 0.00 16.66

JOY (3) 5.18 0.01 4.16 2.18 18.35 5.24
1.58 0.00 3.20 1.04 639.50 20.59

Sept=-nber (3) 2.03 4.49 5.02 1.73 62.13 0.00
0.92 0.86 6.19 0.28 1626.00 0.00

W Epischura andLepttooraweremeasured as number per m3.
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Table D18 Mean zooplankton densities (no./l) (top line) and variances
(bottom line) estimated from O-30 m vertical tows made in the
CanadaareaofLibby Reservoir during 1983-1987.

Month (N) Daphnia EWmina Cyclops Diam Epischurfl  Leptcdor&

June (11) 6.32 0.09 6.78 2.01 11.06 3.88
38.71 0.05 30.59 5.51 509.70 35.86

JdY (17) 4.02 0.12 6.14 3.64 9.49 4.31
13.67 0.18 26.25 14.69 226.40 31.34

August (26) 2.90 0.11 3.47 2.07 22.04 6.63
3.39 0.04 2.51 4.65 1681.00 428.00

September (22) 2.82 0.93 4.73 5.87 20.36 0.43
7.20 2.36 10.44 69.63 822.90 4.04

OCtOber (16) 4.95 2.96 7.72 7.02 9.48 0.44
19.79 24.58 26.60 68.96 224.90 3.12

November (8) 5.27 0.86 6.13 6.82 8.33 0.00
29.29 1.33 40.94 120.80 163.20 0.00

g EpischuraandLeptcdoraweremeasured as number per m3.

D19



AFPFNDIXE
FigunsElandE2
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Figure El. Distribution of the percent total Daphnia in the 0.50 to 0.99 mm
size class for 1983 to 1987, Libby Reservoir. Horizontal lines
indicate median values; boxes enclose the middle 50 percent of
the values; solid vertical lines extend to 1.5 times the
interquartile range; outlier values beyond solid line are
indicated as dots; notches in box indicate 95 percent confidence
level of median value; width of box is proportional to the
square root of the number of observations in the sample.
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Figure E2. Distribution of the percent total Daphnia in the 1.5 mm to
1.9 mm size class for 1983 to 1987,  Libby Reservoir.  Horizontal
lines indicate median values;
of the values;

boxes enclose the middle 50 percent
solid vertical lines extend to 1.5 times the

interquartile range; outlier values beyond solid line are
indicated as dots; notches in box indicate 95 percent con-
fidence level of median value; width of box is proportional
to the square root of the number of observations in the sample.
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TablesFlUllLW#lFl5.

M-Y d yearly avaagedensitiesardyearlyzan2rqelengths
ofz~l-~~frrrm-ertraps

inthree areas of Libby -ir,
1983 thraalpl 1987.
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1.46
ls3

3s
2.99
xl?3

3.06
2.95
r-e

3.06
3.23
II4

2.41
2.09
IF4

4.87
2.53
Is3

1.15
.lo
rF3

1.25
28
IF3

.93
42
IF3

.!a.

.14
IF3

.%
20
IFI

3/B
2.64
I-H

2.23
1.02
IF4

1.36
.87
Il4

1.14
.91
IF4

.79

.Gl
IFI

24
.93
r-F4

1.l.l
1.18
rF4

5.43 .81 -69
7.16 .47 .32
r-F2 IF5 r-F4

2.80
2.31
l-l+

1.45
.74
l-e2

1.15
.54
I%2

1.00
.!3
lx2

1.09
45
H

A2
A37
I%2

.66

.31
rF4

.67

.!I52
n=5

.a3

.a
l-6

.G3

.!i!3
rF%

.67

.6l
n%

-42
-35
I-F5

.63
Al
rF4

.77

.37
n4

.73

.67
I-F4

.78

.%
IFl

.61
A0
rF4

1.08
1.29
IFI

.w3
-13)
r-e2

.14

.lO)
-2

.29
-1
rF2

.x3

.Ol)
n=2

.34
l a)
rF2

.x3
1.37)
I-c2

.38
Jw
IF2

..52
-18)
l-c2

.38

.w
re2

F7



TIIaileF7. Imdtlly  abFEqtity~dBrmirain~~~of~-at~
dq+s,l983~l987.Vabssin~ axet-hetzbdard~iati~ Formtire
pcpllatian: X-,64,3XUV,W32iL

-, I-J=38
T&20
5.39

34n, I+37
ii=.92 8
53.01

an, N3-7
i&l.08
3x3.5

!an, w36
iE.74
skl.96

l2m,w37
E.54
S2.14

m,N=37
z.69
3X2.14

2chl, w37
g.61
-1.93

2!3n, IKM
5.46
SD=l.ll

3cQw35
E.49
-1.32

T---
.al

: .oo
Ix?

( :E
Is2

( ::
w2

.lO
( .14
rs2

( ::
IF2

.14
( l 13

IF2

.07
: .04

I-l+

.l5
; .ll

l-d

( ::
IF2

.07

.oo
Fl

.14

.oo
I+1

.l.l

.oo
IF1

.a3

.al
I-d

.cM

.co
Fl

.07

.al
IF1

.m

.al
IF1

.a3

.m
I-F1

.oo

.a2
-1

.a3

.oo
I+3

.cn

.co
l-la

.04

.05
l-s

.a2

.a
Is2

.04

.05
n=2

.oG

.a3
I-s!

.04

.05
x-e

.oo

.oo
ll=l

.ll

.cn
IF1

.oo

.oo
n4

.03

.a2
Id

.lO

.17
I-Id

.x2

.17
I-F4

.lo

.l3
l-I4

.06

.a5
n4

.06

.lO
r-H

23
.04
Ix3

.04

.M
l-e3

.oo

.oo
l-e3

20
20
I-F3

.2l

.20
F3

22
.I8
rz=3

.16

.14
F3

.cB

.cB
r-c3

.05

.06
x-F3

.03

.04
IF3

.14

.cE
F3

A5
.79
lH

4.00
7.86

4.83
9.18
r-l+

3.M
4.86
II=5

2.42
3.64
rls

3.56
5.36
rF?fi

3.12
4.84
IF5

2.36
2.58
I-A

Il.14
3.30
IFI

.2l
24
n=3

.38

.a
F3

32
.73
F3

.52

.55
Is3

.34

.43
I-e3

.%

.n
l-F3

.47

.6l
-3

.66
A32
IF3

.98
27
IFI

.I9

.34
n4

1.26
1.70
I-F4

1.18
1.89
I?4

-73
.92
rF4

A8
.!33
r-l4

.31

.3G
n=l

25
.30
IF4

22
.33
IFI

1.60
33
l-d

22
26
Is

-77
.n
ls2

1.55
.78
r&2

1.40
.lO
rF2

.88

.07
re

.64
20
r-d

.70

.33
I+2

.74

.&
r-e

1.07
.l9
Is2

.31

.47
l-l=5

.8!5
1.48
rF5

A35
1.09
l-F5

.51
A7
H

.22

.33
ti

.45

.45
r-6

.29

.41
IF?3

.ll

.14

1.03
23
l-F5

.14

.14
I-l4

.29

.35
n4

.l9

.21
IFI

.x3

.24
I-d

.22
27
r-F=4

.x3

.27
l-l4

.26

.34
r-F4

.18

.33
I-PI

27
.35
II4

.04
w

rr=2

.02
l W
Is2

.02
-0%
rF2

.02
-03
re2

.w

.w
lF2

-02
.w
l-F2

.02
*w
rlf2

.02
-w
IF2

.a3

.w
Iw2

F8



7eaiLeF8. myaiFatap~ty~~~intfie~~of~~&~
dqkhs,, 1983 lkcrqh1987.  Values in paEm&esare~stardarddeviatim  Fore&ire
m i&16, SH.26, N328.

I
JanFkbbbr&rIQyJmJulZQ.qsEpcXtRwLe

-, N=38
a.74
sH.05

an, I%37
54.05
3x7.95

an, IF37
Ts3.75
ax.01

Q-n, Pi=36
%=2.50
sw3.92

l2m,N=37
%=1.8.5
3F2.60

m,N=37
%=1&O
ax.c6

2m,N+37
El.48
33=1.85

m, *34
=1.23
9)=1.80

3Qn,N+35
%=l.ll
SH.81

(‘::
n4
5.31
(3.60
Is2

(E
I%?

(E
l-l=2

(E
II%

( ::
Ix2

( :z
II=2

(Et
lH

('::
x-e

1.6%
.oo
ll=l

2.lo
.oo
-1

2.53
.co
I-F1

1.92
.m
IF1

.n
so
IF1

28
.03
IF1

A2
.m
IF1

.75

.a3
IF1

.oo

.oo
IF1

45
35
rr=3

1.81
.99
Ix2

4.5l
1.13
rF2

2.14
1.64
n+?

2.81
2.06
IF2

2.51
2.26
I-e

1.36
1.11
IF2

2.l
.oo
Il=l

.a;r

.oo
I-FI

.l8
26
IF4

1.14
1.16
rF4

1.2l
1.28
rF4

.66
29
l-F=4

A4
.31
I-F4

254
A
l-d

.38
34
I-F4

.03

.03
rs3

.c6

.u7
IF3

23
.l4
IF3

1.8%
1.29
IF3

1.B
1.62
lx3

1.52
l.ll
IF3

1.34
1.22
rF3

1.03
1.18
IF3

.68
30
IF3

.58

.65
IF3

.50

.Q
Is3

7.92
8.64

Al 1.26 .35 1.62 1.04 .30
27 .76 28 1.66 32 .16)
Is3 I-l+ re II% IF4 IF2

5.34 2.73 4.44 24.40 2.92 1.51 -64
4.53 .90 2.16 24.30 2.55 .79 J-v
n?? r-E3 n4 I%? rE5 I-F4 F2

3.81 2.81 6.31 X3.24 2.42 1.95 ..50
3.76 1.25 3.60 17.87 1.44 1.20 -U
IF5 I+3 IFI IF2 rl?3 n=4 IF2

2.04
1.76
ti

2.92
2.49
ls3

.56

.65
IF3

.%

.90
I+3

.66
45
IF3

.n
26
IF3

.4!5

.38
l-d

3.47
2.92
rl+

3.03
3.34
l-P4

2.50
l.82
n=l

1.94
1.20
IH

1.39
.%
IFI

1.22
.64
xl=4

Il.94 2.05 1.76 .x3
l.l.cn 1.49 1.56 Jw

l-c2 n4 rF4 rF2

1.30
30
1F5

6.90 1.87 2.22 .43
6.30 1.82 1.48 *w
rF2 I-i% IPI IF2

32
.81
IM

5.29
4.E39
l-d

4.28
3.95
l-e

3.60
3.23
l-e

3.25
3.08
l-la

1.78 2.24 .27
1.49 2.14 l V
II=5 n=l n=2

.%

.79

.67
20
xl4

1.14
1.36
n4

2.18
2.B
n=5

2.63
2.36
I-A

2.18
2.52
IF4

2.79
3.59
l-F4

.52
l W
lF2

1.85
2.35
I-l%

.41
-09)
I-F2

1.01
.67
r-6

.32
m
I-i=2

F9

-._---



7xileF9. m y  abi2mp~~WL)of~in~-aread~~irat~
dqbs,. 1983 t&raqh1987.  Values inwarethe-deviatims Forentire
FIpadlm %x6, -7.87, Ne8.

Ja-1FkbEr~EiyJmJhlZ'qsEp~RwI33=
w. lw w3 Ia I+4 Ns Is3 I+4 I$=!5 *3 I+4

-,w
T&3.39
sxJ.34

3m, I%37
%9.07
5x2.39

an, I+37
T&L58
m=lO.93

%I, Iv=36
i&.38
sH.60

ml, WI37
%4.80
sB7.41

Fin, Is37
s3.92
3x5.51

2m,~37
G3.49
SM.77

25n, N=34
s2.94
aD=3.%

3m,lw35
22.73
9w.49

( :E
s2

3.16
( .47
Is?

('::
rF2

( ::
IF2

( ::
Is2

( ::
H

(::Z
lx.2

.76
(3.96

l-k+2

( :z
rka

1.67
.cn
l-l4

1.89
.co
I-F1

3.24
.oo
I-F1

2.35
.oo
I-l+1

33
.oo
-1

.43

.m
ll=l

.89

.a3
IF1

.a

.ol
lFl

.a3

.al
l-F1

.3!5
22
n=3

1.75
.2l
ll4

5.70
2.06
I-s

2.24
.l2
II4

2.38
.64
I-la

1.46
.35
rd

1.l.O
.I9
Ia

.75

.oo
l-F1

.x3

.a3
IF1

.09

.cB
n=l

1.89
.99
n+3

x2.55
9.52
n=6

4.51 2.82 1.49 3.l.l 2.48 l.U7
6.52 2.26 .M 3.09 1.83 *@I
lw3 r-l4 l-e rl% rpl rr=2

13.15
9.73
I-e3

10.17
2.67
re3

8.61
3.06
I-i=3

2.11
2.28
n=3

2.75
1.48
rF3

2.57
.88
-3

1.91
.97
ls3

4.59
.68
IId

Il.30 8.10 2.59 2.06 2.26
9.n 4.95 1.55 .89 JW
n=l rd IF5 IF4 n=2

9.65 6.30 2.51 2.33
8.70 2.22 1.31 1.12
n4 l-F2 l-d r-I4

6.26
4.12
l-d

5.60
.38
r-e2

5.30
.93
l-e

4.55
.90
l-l=2

3.m
1.25
IF2

2.75
.!?I4
IF2

2.22
.f3
I%2

2.31 2.21
1.44 1.36
r&5 IFI

4.27
2.1.1
rF4

2.28
2.29
r&J

2.73
1.50
l-F4

3.26
1.25
n=l

2.16 2.93
1.83 2.16
r-F5 l-4

3.08
1.67
IFI

3.M
2.56
IF4

2.80
2.32
l-F4

2.23
2.l.l
nei

1.95
2.22
r&5

1.54
1.08
IF!3

2.82
2.07
rF4

2.92
2.91
IFI

3.23
3.65
I-F=4

1.92
.35)
I-c2

1.21
.w
I-F2

1.82
.91)
I-K2

1.27
la.3)
n=2

1.46
.71)
IF2

1.50
l W
r-F2

2.30
3
rF2

6.09 sbll
8.37 10.73
IF4 ls3

25.57
23.83

10.10 16.19
15.39 x3.36

l-F4 l-c3

20.57
39.27

8.26 10.63 i4.n
9.07 10.83 17.96
rPl lE3 I+5

2.43 9.16
2.80 9.89
rF4 l-e3

14.s
15.77

2.82 8.00 9.95
3.43 lo.05 ll.10
IFI rr;3 rr5

2.79 4.36 9.27
4.74 6.28 10.l2
IF4 rr=3 rei

.34 4.26 8.84

.45 6.10 7.63
-3 IF3 I-F4

.2/a 4.20 8.l.8

.41 6.50 10.99
rr=3 -3 II4

FlO



WiLeFlO. Pldhlyy~Q~&~in~~~~E~~irat~
dc@s,, 1983 t3-mqh 1987. Valus in m aretkstadatddeviati~  F&entire
JqIdahm T&01, sko4, N?xB

I

-, WI38
Z=.OOl
5.007

3-n, *37
ial
5.06

an, N37
sA!2
5.04

%I, Is36
aI3
5.06

m,N=37
Em
5.06

Fin,*37
E.01
5.03

2an,N=37
i&.01
5.02

25n, NC34
i&.01
5.02

mn,N=35
5.01
5.02

.03

.al
l-F1

.oo

.oo
l-F1

.al

.a3
Il=l

.al

.oo
l-F1

.m

.al
Il=l

.oo

.oo
l-F1

.oo

.oo
IF1

.oo

.al
I-l4

.oo

.cKl
Il4

.04

.Q5
IF2

.05

.a3
rF2

.a3

.al
I%?

.I2

.16
IF2

.x2

.07
IK!

.a2

.02
ns?

.oo

.al
x-s

.02

.M
I%2

Fll



!Iablem. wlaly avwzqs~ty~of~inin~~of~-atat
dqtAs,, 1983 Umx$-i 1987. Valws  in B areth2staMsddeviati~  Fbrentire
&xzpabm TbI.14, taxlL38,  w179.

-,w21
a.64
sw7.99

3l-q Nk21
ai3.28
527.96

an, Wl
a.33
sI=3.%

al, N=21
is3.64
sk3.10

la, Iwo
52.57
3X2.76

m-n, Is=20
G=l.86
SSl.93

2&l, N=l9
t-k&l
5 . 3 8

2!3n,  N=lB
5.01
5.03

ml, N=lB
kale
5.cm

83.45
(6.72
rra

(Zi
l-e

2.47
(1.79
H

(E
le

( ::
IH

( ::
IH

( ::
I%2

12.91
20.77
n=3

36.49
42.14
IF3

lo.07
3.25
rF3

7.83
3.74
Is3

5.37
49
F3

3.03
1.73
l-e3

25
.49
Is3

.m

.oo
l-e3

.oo

.a3
I-l2

l.CJ7
2.27
IF!5

20 .67 1.24
.38 .76 1.95)
n=4 IF4 F3

10.91 7.82 3.47
2.78 6.30 3.38
r-6 IF4 r-d

8.CV
1.63
rF?3

4.48 2.39
3.13 3.61)
l-F4 Is3

4.a
2.m
n3

3.23
4.7l
re

2.93
3.08
II=5

.!xl
A8
l-6

.oo

.oo
r-F5

.a3

.oo
r-6

4.64
3.45
IFI

3.00
3.04
l-F4

1.68
.%
I-I4

1.15
.91
l-4

.l2

.2l
Is3

.a

.08
IF3

.ca

.oo
x-s3

1.60 2.ll
1.61 3.51)
r-Y4 Ix3

1.22
.I9
IF3

.38

.36
rF3

.cn

.oo
F3

.al

.oo
rP3

.a2

.a3
F3

2.59
4.45)
n=3

1.30
2.26)
IF3

.%
l.ai)
I-F3

.m
Jm
I-e3

.oo
l CQ
ne3

.al
Jm
rF3

F12



YItlbleJ?l2. btrelly  aE9zfJ2~~~~~jnin-~~~~&at
d@--s,. l983Jt1mqh 1987. Values in m are the
pIplkhm  x=27, 5Lo5, P&179.

istadaddleviaticpls Fbrakin2

I
JmF%I%r~~Jm~PegSepcrt~~

zLlrhE,w21
k14
5.39

an, I+21
YF.56
m=2.03

an, N=21
Fa-7
3X1.87

9-n, I+21
Sk.38
5.79

la,*21
iE48
5.95

lEin,N=21
T-s.18
Sk32

2cnl, N=l9
T&.02
5.05

an, N=l.8
5E.m
5.00

3ch,It=l8
zE.00
5.00

( :EI-H
( ::Is2
( ::IH
( iiFIF2
( :zrF2
( :,”n%
( :EI-G!
( ::I-e
( ::I-e

.Ol

.M
n=3

.c5

.04
Is3

.06

.06
Is3

.oo

.oo
I+3

.a2

.04
IF3

.Ol

.02
re3

.02

.04
IF3

.oo

.co
IH

.oo

.m
I-&

.03

.03
l-e

.x3

.2G
IF5

.32

.64
n=!5

.41

.60
IT5

20
23
reJ

.ll

.07
IF5

.c6

.cB
lei

.a3

.oo
IF5

.m

.oo
IF!3

-45
.90
l-d

2.45
4.63
l-F4

2.25
4.23
n4

1.06
1.63
rF4

1.41
1.56
r-F4

.35

.50
I-l+

.Ol

.02
n-3

.co

.oo
r-F3

.cn

.oo
n=3

-03
.lO
rF=4

.17

.17
IF4

2.5
.23
IF4

.30

.3G
IF4

.83
1.38
I?=4

.33

.52
F3

.oo

.oo
l-l=3

.oo

.co
rF3

.al

.oo
I-c3

-03
J4
-3

.cE
*w
l-l%3

.oG
-ml
Is3

.l.2
J-U
rF3

.c6

.lO)
I-e3

.23
-3%
l-G3

.al

.W
-3

.cn
-00)
IF3

.al
-w
n=3

F13

-.-



rmleFl3. myawqdssity~~~h~~~~~~at~
dqlhs,,l983 m 1987. Vahss in- areth2i3tadaddeviati~  Fbrentire
pIglhmx  2x5, fiD=Ed3, N=l79.

(22
I-e

9.54
13.51
Is3

254
.!5J
rF5

.85
A7
l-f4

2.83
2.57
I-A

1.6
2.10)
rs3

sJTEyE,N=21
k3.40
sD6.68

3m,w21
%6.88
9H.25

an, I+21
54.23
SEW.73

%I,w21
s3.03
s3.60

Em,*20
%=2.68
sD=3.80

I!%, w20
g2.22
s3.95

2&l, WI9
Tk.46
Sk91

25-n, WI.8
so2
sD=.cn

3Qn, N=lB
kal
33=.00

X2.49 3.94
16.38 4.7l
rE3 l-F!3

IL.90
Il.47
IFI

2.25 2.31
1.66 3.73)
II=4 rr=3

(EY
Is2

3.43 1.61
3.33 2.62)
n4 I-s3

( ii:“,
I-F2

3.31
1.74
xl%3

3.80 8.16
3.48 8.62
r-6 n=l

4s
4.06
IFI

1.42
1.47
lH

1.65
2.67)
I-s3

( ,‘::
x+2

3.40
2.84
rlE3

4.16
5.74
I-6

4.00 2.87
7.u7 2.41
r-6 IFI

1.50 .81
1.27 1.40)
rF3 x+3

( ;:T,
Is2

3.43
3.02
r+3

1.l8
2.00
r-e3

.75
1.29)
IF3

4.16 2.18
7.82 1.33
r-6 IFI

28
.&i
F3

.m

.al
r-63

.oo

.W
I+3

( :“,
l-e

1.45
1.44
ls3

.66
1.14
I-F!5

.cB .m

.16 .oo
I+3 I+3

.m
l a)
l-l=3

( ::
I-e

.oo

.oo
Is2

.oo

.oo
l-e3

.oo

.al
I-P3

.cn

.w
rF3

( ::
l-e

.oo

.a3
IH2

F14



WiLeF14. Plntlily amq2dssity~of~in.tfie~~~~~~&~
dqth,. I.983 t3.-mqh 1987. Values in m are the stardard
ppllatm  s423, sD=672, Iv=l7%

Cieviatia Formtire

zl-lrae, IF22
s3.75
935.82

3m, w2l
a3.28
al=

al, IF21
G7.43
ax.89

9-n, N=21
54.48
sw3.98

Ian, w20
Tb3.89
aH.56

ml, w20
is2.80
3x3.18

xkn, N=19
E.78
-1.47

25n, N=l8
5km
3x08

3Qn, Iw8
5ko3
al=.00

( t::Ix2

(EZlx2

(ii::I%2

( t::H

( ;::IH
5.17

( 5.37
Is2

( :E
na

( ::
lx2

( :z
I-K?

9.88
X2.94
rF3

16.38
Il.82

l-e3

7.23
1.06
IF3

5.04
2.23
rr=3

4.05
1.25
IF3

2.72
.94
l-e3

2.01
2.33
rE3

.oo

.as
na

.oo

.co
IF2

1.86
2.70
II%

X2.23
9.63
H

7.02
4.51
IF5

6.12
6.1
n=5

5.84
8.30
n??

4.87
4.87
IF5

1.63
1.84
n?5

.a3

.al
n=5

.oo

.oo
I-F5

2.22
2.62
IF4

18.15
14.61
n4

7.48
4.32
IH

4.74
3.27
IFI

3.17
1.94
IFI

2.30
2.30
r-l4

24
.41
I-F3

.l.l

.I.8
rE3

.oo

.oo
IF3

4.49
5.88
H

1.36
1.69)
I-F3

8.60 2.n
8.52 4.16)
l-F4 rF3

9.73
X2.13

lx=4

3.92
4.42
II4

3.s
4.30
IF3

233
233
-3

.co

.cil
I-e3

.oo

.oo
l-F3

.oo

.03
IF3

1.61
2.67)
I-c3

1.74
2.51)
F3

.%
1.66)
IF3

32
.=I
Is3

.oo
w
rF3

.m

.W
rF3

.oo
w
Is3

F15



7lEfbleFl5. Ialuily~~~~of~in~aprrdaareaof~~at~
d@xs,, I.983 td-mqh 1987. Values in &smaWss aretWi3tadxddeviatim  Fbrmtire
pJzpMmx  >r,o4, sH.8, N=l79.

I JmFkbI'hrElprPByJb~~~Qrf:~~
alKfin,Hl
E.01
Sk03

3m, be21
%=.06
sklo

an, N=21
5.04
3x07

%I, *21
5.16
ah48

la, N=20
i&.04
Sk09

Em, N=20
km
Sk03

2cln, N=l9
EC04
SD=.02

m, N=l8
%.co
Sk00

30-n, N=l8
G=.oo
al=.00

( ::
I-&

.l7
( -23
r-e

( ::
I-l4

(Et
H

( :t
re

( :rl
I-F2

( :E
Is2

( :E
I-t4

( :z
I%2

.oo

.a3
-3

.cQ

.04
I-F3

.oo

.oo
Is3

.m

.m
Is3

.a3

.oo
Is3

.Ol

.02
Is3

.al

.oo
rr=3

.oo

.oo
IF2

.oo

.oo
Ix2

.Ol

.a2
IF5

.I2

.14
l-6

.I2

.09
I+5

.I9

.17
IF5

.I3

.16
I-l+

.c6

.06
n?5

.m

.a3
xl%

.oo

.oo
n?3

.oo

.a3
l-6

.oo

.m
l-Id

.07

.06
IF4

.05

.08
II4

.a5

.07
l-F4

.04

.05
lH

.Ol

.a
lF4

.a2

.cM
Is3

.oo

.oo
lF3

.oo

.m
I-F3

.c6

.05
n=4

.02

.04
lH

.Ol

.02
I-d

.02

.cM
I-d

.02

.04
n=3

.al

.oo
Is3

.oo

.a2
rF3

.m

.co
w3

.oo

.oo
Is3

.oo
-w
l-l53

.Ol
l 02)
I-F3

.a3
l W
re3

.co
m
I-c3

.oo
l W
I-e3

.al
l W
r-l53

.oo
m
n=3

.oo
Jw
-3

.oo
l W
IF3

F16



AEJFBIDIXG
Tables Gl through G13

Nearshore floating and sinking gill net catches
in three san@ng areas of Libby Reservoir, 1983 throug.h 1987.

Gl

i-_-.-.-



~~W~W~Ww(~ ax!N3kJFt§csJFsJwIDG
JUT2 I984 (17) 4 9 . 1 I2 62 32 0 55 II72 149 44 530 97 IL.4 4

Jixel985(2l)  7 2 3 32 30 9 I9 1776 195 28 470 98 21 I.2

Eyl986(28)601753  Ol6llCBi'l!S32324373 I9

PBy1987(23)12 3 10 25 30 17 63 715 239 7 234 49 154 24

G2



Jmz IS83 (1) 6 2 1
Jdyl983(12)32 11 6
m* E@3 04 7
Sq. IX3 (14) 26 li 2i
et. Is83 (10) 29 lo 26
Nxr.EB3 (lo) 27 7 35
Ilr=. Isa (lo) 11 I3 17
I933 Tmil (68) 138 55 ill

9 2 1 0 0 0 0 0
49 0 0 0 4 6 4  3 6 14 51
lo 0 0 0 5% 70 14 82
61 0 0 4 218 17 2 2
65 0 2 4 21 Y 2 3
89 1 1 0 24 5 1 4
41 0 2 0 2 1 0 0
304 3 6 8l285l96 33 92

Jan. IS4 (8) 3 7
F&l.l9t3 (9) li 5 4
Mr. Is4 (U) 18
&x.1984 (lo) 47 4i 2z
Icy 1984 (lo) 63 38 27
Jul.1984 (9) 63 7 I9
ml* E34 w 7 6
%p. 3284 (14) 33 G 5
Nx. 1984 (19) 36 ll 15
lsI4T&iL(lcB)2m  119 xl2

12 0 1 0 10 0 0
I9 1 1 0 10 0 1
30 1 2 0 10 0 0
lU7 2 54 4 28 4 0 9
129 1 9 1 177 ll 0 3
89 4 3 196613 11 8
I5 0 1 0 564 lc6 32 62
48 1 45 15 I28 17 1 10
62 lo 16 0 164 3 0 1
5ll 2.0 l32 2l 2m9 152 44 94

I"Ey I985 (l0) 35 I3 8 56 6
Euq. I985 (16) ID 0 8 18 0
cnz. 2335 (19) 27 lo 9 46 1
l985T?dal(45) 72 23 25 I20 7

%= I986 cw 27 29
szpm36  (28) 43 Ii 40
E86wal (52) 70 I9 69

99
93
158

Sep 1987(28) 34 8 39 81

34
2
82

xl.8

77
99
136

172

0380 8
0 4 5 4  2 2
4 160 12
4 334 31

0 147 0
x-7 a0 32
17 747 32

0 lx6 41

0
II
1
3

0
3
3

11

1
12
I3

4

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
1
0

0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
1
1

0
0
0
0

0
3
3

0

G3
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IlE? = (1) 6.00. 2.00 1.00 9.00 2.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
aAym3 (12) 2.67 0.92 0.50 4.08 0.00 0.00 0.00 38.70 3.00 1.20 4.30 0.00 0.00
Pq. E83 (11) 0.64 0.09 0.18 0.91 0.00 0.00 0.00 50.50 6.40 1.30 7.50 0.00 0.00
sq. 1983 (14) 1.86 0.79 1.n 4.36 0.00 0.00 0.29 15.60 1.20 0.07 0.14 0.00 0.00
Ok. 1983 (l0) 2.90 1.00 2.60 6.50 0.00 0.20 0.40 2.10 1.10 0.20 0.30 0.00 0.00
Nx. I933 (ID) 2.70 0.70 3.50 6.90 0.10 0.10 0.00 2.40 0.50 0.10 0.40 0.00 0.00
m. Em (lo) 1.10 1.30 1.70 4.u) 0.00 0.20 0.00 0.20 0.10 0.00 0.00 0.00 0.00
XX33 'I&d (68) 2.03 0.81 1.63 4.47 0.04 0.03 0.32 18.90 2.90 0.49 1.35 0.00 0.00

Jan. I984 (8) 0.25 0.38 0.88 1.50
FH3. Is4 (9) 1.31 0.56 0.44 2.l.l
M3r. I984 (xl) 1.64 0.27 0.82 2.73
Pgr. 3984 (lo) 4.70 4.00 2.00 10.70
May Et?4 (10) 6.40 3.80 2.70 12.90
an. I984 (9) 7.00 0.78 2.ll 9.89
png. 1984 (3.8) 0.39 0.11 0.33 0.83
sq. 1984 (14) 2.36 0.71 0.36 3.43
NYJ. Is84 (19) 1.89 0.58 0.79 3.26
1984l?sil(108)2.99 1.10 1.04 4.73

0.00 0.12 0.00 0.22 0.00 0.00 0.00 0.00 o.co
0.11 0.11 0.00 0.11 0.00 0.00 0.l.l 0.00 0.00
0.09 0.18 0.00 0.09 0.00 0.00 0.00 0.03 0.03
0.20 5.40 0.40 2.80 0.40 0.00 0.90 0.03 0.00
0.u) 0.90 o.lo 17.70 1.10 0.00 0.30 0.00 0.00
0.44 0.33 0.11 lcv.20 1.44 1.22 0.89 0.00 0.00
0.00 0.06 0.00 30.80 5.80 1.80 3.40 0.00 0.00
0.07 3.21 1.07 9.10 1.20 o.u7 0.70 o.cO 0.00
0.53 0.84 0.00 8.60 0.16 0.00 0.05 0.00 0.00
0.19 1.22 0.19 18.63 0.41 0.27 0.87 0.00 0.00

M3y Is85 (lo) 3.50 1.30 0.80 5.60 0.60 3.40 0.00 38.00 0.80 0.00 0.30 0.00 0.00
png. 1985 (la) 0.62 0.00 0.50 1.12 0.00 0.12 0.00 28.40 1.40 0.70 0.40 0.00 0.00
o;t. 3985 (19) 1.42 0.53 0.47 2.42 0.06 4.32 02 8.40 0.60 0.05 .040 0.00 0.00
1985 YIbbl (45) 1.60 0.51 0.56 2.67 0.16 2.62 0.09 22.10 0.93 0.27 0.31 0.00 0.00

zpz. Is86 (24) 1.12 0.12 1.21 2.46
sEp.l.986 (28) 1.54 OS 1.43 3.54
B36!lHal (52) 1.35 0.37 1.33 3.04

0.17 3.2l 0.03 6.10 0.00 0.00 0.04 0.00 0.00
0.00 2.ll 0.61 2l.40 1.14 0.11 0.43 0.10 0.11
0.08 2.62 0.33 14.40 0.62 0.06 0.25 0.02 0.06

.Sq l987(28) 1.21 0.29 139 2.89 0.00 614 0.00 43.04 L46 0.39 0.14 0.00 0.00
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July ~ (2) 6
png. ~ (2) ll
SEP. Em (2) lo
cr;t. I933 (2) 3
NSJ. 1983 (2) 2
Jw. I983 (1) 1
Ef33 !RJtzil WI 33

Jan. 1984 (2)
F?2?3. 1984 (2)
mr. Ee4 (2)
a= ~ (2)
m ~ (4
JiJ-E I984 (2)
m* l%l (4)
NW. 1984 (4)
~ !lHal (W

a= ~ (1)
m EB (4
GJ* = (4
OzJZ.  I985 (2)
l!335mzfl (7)

z-w- ls% (4)

w* E337 (4)

3
4
2
0
0
1
3
2

I.5

0
1
3
0
4

0

1

0
1
3
0
0
1
3

0
0
0
0
0
0
0
0
0

0
0
1
0
1

0

0

0
1
0
0
0
0
1

1
0
1
0
0
0
0
0
2

0
0
3
0
3

1

0

6
I3
ll
3
2
2

37

4
4
3
0
0
1
3
2

17

1

1

0
0
0
1
2
0
3

1
1
3
2
1
0
1
5

14

0
1
2
1
4

4

0

0
0
0
0
0
0
0

0
0
0
1
0
0
0
2
3

0
0
2
I5
17

0

2

I.5 32
9 I5
6 I5
8 6
0 25
3 19
41 II2

1
4
2
9
11
0
8
4

42

0
8

18
8

34

I.8

30

9
4
lo
28
0
0
20
9

80

7
0

34
22
a

65

86

5
2
9

13
I2
9
50

1
0
4
2
39
4
7
11
48

0
4
5
2
11

4

29

2
1
2
0
0
0
5

0
0
0
0
1
0
0
0
1

0
0
0
0
0

0

1

8 5
40 6
36 0
I9 0
16 0
6 0

x25 11

3 3
10 2
16 2
8 0

I.2 3
26 I3
34 6
30 4

IL39 33

0
16
I.8
I3
47

8

55

G5
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(Nywwr Idz w KKPW a?zNqEscxJFsJYP

July l983 (2) 3.00 0.00 0.00 3.00 0.03 0.00 7.50 16.00 2.50 1.00 4.00 2.50 0.00
kg. I983 (2) 5.50 0.50 0.50 6.50 0.00 0.00 4.50 7.50 1.00 0.50 20.00 3.00 0.00
szp. Is3 (2) 5.00 0.50 0.00 5.50 0.00 0.00 3.00 7.50 4.50 1.00 X3.00 0.00 0.03
CIA. Is83 (2) 1.50 0.00 0.00 1.50 0.50 0.00 4.00 3.00 6.50 0.00 9.50 0.00 0.50
mJ. Is83 (2) 1.00 0.00 0.00 1.00 1.00 0.00 0.00 12.50 6.00 0.00 8.03 0.03 0.03
I&. I983 (1) 1.00 1.00 0.03 2.00 0.00 0.00 3.00 IS.00 9.00 0.00 6.00 0.00 0.00
EB3Tual (11) 3.00 0.27 0.09 3.36 0.27 0.00 3.73 lo.x3 4.5 0.45 ll.36 1.00 0.03

Jan. l994 (2) 1.50 0.00 0.50
F&. Is34 (2) 2.00 0.00 0.00
M3r. I934 (2) 1.00 0.00 0.50
ZJgr.  l984 (2) 0.00 0.00 0.00
rey EM (2) 0.00 0.00 0.00
Jlre = (2) 0.50 0.00 0.00
Aq. 1984 (4) 0.75 0.00 0.00
N3J. I934 (4) 0.50 0.00 0.00
Is84 mid (20) 0.75 0.00 0.10

w- = (1) 0.00 0.00 0.00
rely l935 (2) 0.50 0.03 0.00
z4g. l985 (2) 1.50 0.50 1.50
Ok. l985 (2) 0.00 0.00 0.00
~~ (7) OS 0.14 0.43

Ipr. Is86 (4) 0.00 0.03 0.25

sp. l987 (4) 0.25 0.00 0x0

2.00
2.00
1.50
0.00
0.00
0.50
0.75
0.50
0.85

0.00
0.50
3.50
0.00
1,14

0.25

0.25

0.50 0.00 2.00 4.50 0.50 0.00 1.50 1.50 0.00
0.50 0.00 2.00 2.00 0.03 0.00 5.00 1.00 0.00
1,!3 0.00 1.00 5.00 2.00 0.00 8.00 1.00 0.00
1.00 0.50 4.50 14.00 1.00 0.00 4.00 0.00 0.00
0.50 0.00 5.50 0.00 9.50 0.50 6.00 1.50 0.00
0.00 0.00 0.00 0.00 2.00 0.00 13.00 6.50 0.00
0.25 0.03 2.00 5.00 1.75 0.00 8.50 1.50 0.00
1.25 0.50 1.00 2.25 2.75 0.00 7.50 1.00 0.25
0.70 0.15 2.10 4.00 2.40 0.05 6.95 1.65 0.05

0.00 0.00 0.00 7.00 0.00 0.00 0.00 0.00 0.00
0.50 0.00 4.00 0.00 2.00 0.00 8.00 0.03 1.00
1.00 1.00 9.00 17.00 2.50 0.00 9.00 2.00 1.00
0.50 7.50 4.00 Il.00 1.00 o.co 6.50 0.50 0.00
0.57 2.43 4.86 9.00 1.51 0.00 6.71 0.n 0.57

1.00 0.00 4.50 16.25 1.00 0.00 2.00 0.25 0.00

0.00 0.50 7.50 21.50 7.25 0.25 13.75 0.75 1.00

G6
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my 19Q3 (lo) 2 6 1 17 44 1 0 0 !372 53 29 78
-0 Em (14) 124 27 I.6 167 0 0 2657 88 31 60
SEP. EEKj (lo) I9 4 15 38 0 6 5132 28 15 6
at. 1983 (lo) 25 8 I.8 51 1 1 8 41 I3 2 0
NW. lx3 (lo) 37 26 33 96 2 1 0 19 7 0 3
= 'Ibtal W) 231 66 99 3 % 4 8 15 1421 189 77 147

Jan E84 (1) 3 5 0 8 2
Feb. 1984 (13) 31 27 2cl 79 0
IQr. 1984 (8) 51 22 35 108 0
-0 = (6) 67 49 38 l54 12
fw I984 (4) 5139 20 llo I3
JUE I984 c-4 I3 5 3 21 0
-3. lsa 0-8) 32 3 ll 46 0
%?* Ea P-3 5 8 6 I9 2
ml. Is84 (18) 20 16 21 57 17
I984 Tel WI 273 174 156 602 46

m* I985 (lo) 81 35
JuE E35 WI 42 9
w- l985 m 25 lo
ce. I985 (19) n25
=‘Ibtdlw 2ls 79

8 5

48
22
Ill
31

112

53

7

I64
73
46

I.27
410

143

20

9
lo
0
8
27

5

0

22
23
l3
33
I5
0
1

108
26
241

I5
30
I3

235
293

146

160

1 0 0 0
2 2 0 0
2 lo 4 0

I2 58 30 0
1126 8 2
0 144 I3 6
1 9lo 93 43
8 167 I3 5
4 5l 8 0
31 I23 174 56

8 4 9 3
4 7 2 7
lll2l6
3 85
263527

51
48
60
I2

171

55

34

1
I9
32
2

54

32 431

51122

ll

10

0
2

22
lo
9
3
28
5
0

I35

35
46
57
1

139

1

4

0
1
0
0
0
1

0
0
0
0
0
0
0
0
0
0

0
1
0
0
1

0

0

0
1
0
0
0
1

0
0
0
0
0
0
0
0
0
3

0
0
0
0
11

0

0

G7
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Jan. Et34 (1)
F&L I984 (13)
I%r. EXM (8)
W- E+M (6)
w 1984 (4)
~ lsa (2)
-3. ls@J cw
** ~ w
Nx. Is84 (18)
Ea Tel w

a= = cw 8.10 3.50 4.80 16.40
Ji3-e~ w4 4.20 0.90 2.20 7.30
NJ* Is@5 PI 1.14 0.45 0.50 2.03
m. I%5 (l9) 3.74 1.32 1.63 6.68
~~ w 3.!xl 1.30 1.84 6.72

w- ~ (30) 2.33 0.67 1.77
l9% lbtal P) 2.33 0.67 1.77

e?* Em PI
I987 mal m

2.60 o.lo 1.70 4.40
8.86 1.93 1.14 Il.93
1.90 0.40 1.50 3.80
2.50 0.80 1.80 5.u)
3.70 2.60 3.30 9.60
4.28 1.22 1.83 7.33

3.00 5.00 0.00
2.38 2.m 1.62
6.3% 2.75 4.38
Il.17 8.17 6.33
12.75 9.75 5.00
6.50 2.50 1.50
1.78 0.17 0.61
0.38 0.62 0.46
1.33. 0.89 1.17
3.29 2.10 1.87

8.00 2.00 22.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00
6.08 0.00 1.77 0.15 0.35 0.00 0.00 0.15 0.00 0.00
l3.50 0.00 1.62 0.25 1.X2 0.50 0.00 2.80 0.00 0.00
25.67 2.00 5.50 2.cxl 93.03 5.00 0.00 1.70 0.00 0.00
27.50 3.25 3.75 0.25 31.50 2.00 0.50 2.25 0.00 0.00
10.50 0.00 0.00 o.al 72.00 6.50 3.00 1.50 0.00 0.00
2s 0.00 0.06 0.06 2.78 1.17 0.44 0.67 0.00 0.11
1.46 0.15 8.31 0.62 5.08 0.46 o.cB 0.25 0.00 0.08
3.17 0.94 1.44 0.22 2.83 0.44 0.00 0.00 0.00 0.00
7.25 0.5 2.90 0.37 3.25 0.64 0.13 0.40 0.00 0.04

0.29 0.18 0.25
0.29 o.l8 0.25

4.77
4.77

0.7l
0.7l

0.10 0.00 0.00 5.72 5.30 2.90 7.80 0.00 0.00
0.00 0.00 0.14 46.96 6.30 2.20 4.30 0.07 0.00
0.00 0.60 0.50 l3.20 2.80 1.50 0.60 0.00 0.00
0.10 o.l.0 0.80 4.u) 1.30 0.20 0.00 0.00 0.10
0.20 0.10 0.00 1.90 0.70 0.00 0.30 0.00 0.00
0.07 0.15 0.28 2.48 1.17 0.33 0.44 0.M 0.02

0.90 1.50 0.80 49.90 5.10 0.10 3.50 o-al 0.00
1.00 3.00 0.40 72.70 4.80 1.90 4.60 0.10 0.00
0.00 0.59 0.50 5.30 2.70 1.50 2.60 0.00 0.50
0.42 X2.37 0.16 4.47 0.63 0.l.l 0.05 0.03 0.00
0.44 4.80 0.43 5.33 1.03 0.30 0.52 0.00 0.18

0.17
0.17

0.00
0.00

4.87 l.u7 14.37 1.83 0.37 0.a 0.00 0.17
4.87 l.u7 14.37 1.83 0.37 0.03 0.00 0.17

5.7l 0.18 37.40 la. 0.36 0.14 0.00 0.21
5.7l 0.18 19.00 1.21 0.36 0.14 0.00 0.21

G8
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my 1983 (2)
pnq- = (2)
%?a = (4
at. IsI3 (2)
NYJ. I983 (2)
1983 mal (10)

Feb. I934 (4) 14
m. I984 (2) 3
JF* = (1) 0
JUE l984 (1) 1
%I- lJB4 (4) 3
NYJ. I984 (3) 6
EM QAal w 27

m* 1985 (2)
Lxr-e l985 (2)
ms* = (4)
of. Is85 (2)
l985'Ibtdlo-Q

+9?* Efv (4)

4
6
0
5
2

17

4
0
2
5
ll

1

0
0
0
0
1
1

2
0
0
0
2
0
4

0
0
0
1
1

0

2 6 2
1 7 0
1 1 1
0 5 2
2 5 2
6 24 7

9
0
0
0
0
0
9

2
0
1
0
3

0

25 7
3 3
0 1
1 1
5 1
6 5

40 18

6 5
0 0
3 0
6 3
15 8

1 0

0
0
1
0
0
1

0
0
3
0
2
0
5

0
3
0
2
5

0

2
0
7
12
1

22

29
28
0
0
7
1
65

32
0
8
7
47

18

30 3
0 0

18 11
32 3
Loo 28
180 45

17 1
28 5
0 0
0 0
9 ll
43 7
97 24

0 0
0 0
617
54 11
Il.5 18

80 23

0 I211
0 3 11
0 25 3 3
0 26 1 1
0 1311
0 79 7 1

0 18 3 3
0 13 2 2
0 10 0 0
0 0 0 0
0 2 0 1 1
0 I3 0 0
0 74 6 4

0

0 4 4
0 0 0
10 0 0
9 0 0

19 4 2 3

2711
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July I983 (2). 2.00 0.00 1.00 3.00
PLg. I983 (2) 3.00 0.00 0.50 3.50
SEP. = (2) 0.00 0.00 0.50 0.50
aL 1983 (2) 2.50 0.00 0.00 2.50
mr. lx3 (2) 1.00 0.50 Loo 2.50
1983 Teal (lo) 1.70 o.lo 0.60 2.40

Feb. EB4 (4) 3.50 0.50 2.25 6.25
mr. Is84 (2) 1.50 0.00 0.00 1.50

0.75 0.50 0.00 1.25
ItsI.  l984 (3) 2.00 0.00 0.00 2.00
EB4Tuzii (15) 1.80 0.27 0.60 2.67

&r. I985 (2) 2.00 0.00 1.03
JUE I985 (2) 0.00 0.00 0.00

tg

Z-UJ.  3985 (4) 0.50 0.00 0.25 oh5
at. lB5 (2) 2.50 0.50 0.00 3.00
E335lbtal (lo) l.lO 0.m 0.30 1.50

*. I-@# (4) 0.25 0.00 0.00 0.25

1.00 0.00 1.00 15.00 1.50 0.00 6.00 0.50 0.C
0.00 0.00 0.00 0.00 0.00 0.00 1.50 0.50 0.C
0.50 0.50 3.50 9.00 5.50 0.00 12.50 1.50 0.c
1.00 0.00 6.00 Xi.00 1.50 0.00 13.00 0.50 0.5
1.00 0.00 0.50 50.00 14.00 0.00 6.50 0.50 0.C
0.70 0.10 2.20 18.00 4.50 0.00 7.90 0.70 0.1

1.75 0.00 7.25 4.25 0.25 0.00 4.50 0.75 0.c
1.50 0.00 14.00 14.00 2.50 0.00 6.50 1.00 O.(
1.00 3.00 0.00 0.00 0.00 0.00 lO.00 0.03 0.c
Loo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.c
0.25 0.50 1.75 2.25 2.75 0.00 5.00 0.25 0.c
1.67 0.00 0.33 14.33 2.33 0.00 4.33 0.00 1.:
1.20 0.33 4.33 6.47 1.60 0.00 4.93 0.40 0.;

2.50 0.00 16.00 0.00 0.00 0.00 0.00 2.00 0.C
0.00 1.50 0.00 0.00 0.00 2.50 0.00 0.00 l.!
0.00 0.00 2.00 15.25 1.75 0.00 2.50 0.00 4.c
1.50 1.00 3.50 27.00 5.50 0.50 4.50 0.00 2.t
0.80 0.50 4.70 Ill.50 1.80 0.60 1.90 0.40 2.:

0.00 0.00 4.50 20.00 5.75 0.00 6.75 0.25 4:
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July 1993 (8)
png. 3x3 (9)
SEP. ~ (14)
at. 1983 (14)
Nx. 1983 (8)
1983 Ddl W)

14
4
21
24
25
88

4
0
7

24
31
66

0 340 40
149
62
14
5

270

8
I3
3
0
0

24

m- = W) 8 0
m- ~ (14) 27 20
l&w. 1984 (19) 41 42
= !mal WI 76 62

232 I5
37 5
8 0

277 20

-3 = (a 25 8
et. 1985 (9) 19 12
1985’Ibtal  w 44 20

4
0
4

48 20

59 8

0 4 0 1
5 33 0 3
25 73 2 3
I!5 710 4
45l992ll

3 ll 0 0
25 72 3 2 6 8
27 llo 4ll.o
5 l93 7 3 7 8

lo 4 3 0 5 0
4 35 0364
14 78 0 414

26 94 12.a

17 84 2 2 2 4

0 239
3 2 8 7
4 ll
5 5

12 882

2851
426l
5 l2
llll24

2s
2 14
46a3

ll.CW

31224

77
3
80

25

43

4

8

93 0
61 0
20 0
28 0
28 0
230 0

6l 0
5 0
65 0
131 0

45 0
ll 0
56 0

54 0

33 0

0
0
0
0
0
0

0
0
0
0

0
0
0

0

0

Gil

.- _..,,-- 111---- ._I. -.._



July = 03) 1.75 0.50 0.00
Ax& 1983 (9) 0.44 0.00 0.00
s&p. Is%3 (14) l.50 0.50 0.36
m. Is83 (14) l.7l 1.71 1.79
NW. I983 (8) 3.12 3.88 1.88
E83mal (53) 1.66 1.25 0.85

Aq. I24 (12) 0.67 0.00 0.25
sp. I984 (14) 1.93 1.43 1.79
NIV. 1984 (19) 2.16 2.21 1.42
l!Bl'Ibtal (45) 1.69 1.38 1.22

?q. Is85 (2l) 1.19 0.38 0.48
ak 1985 (9) 2.ll 1.33 0.44
l985TIbtxl (30) 1.47 0.67 0.47

s&pm6 (28) l.n 0.n 0.93

s&p. I987 (28) 2.11 0.29 0.61

2.25 0.00 0.00 0.00 42.50 5.00 1.00 Il.60 0.00 0.03
0.44 0.00 0.11 0.00 26.60 16.60 1.40 6.80 0.00 0.00
2.36 0.00 0.21 0.21 20.50 4.40 0.07 1.40 0.00 0.00
5.21 0.14 0.21 0.29 0.79 1.00 0.00 2.00 0.00 0.00
8.88 0.00 0.50 0.62 0.62 0.62 0.00 3.50 0.00 0.03
3.75 0.04 0.21 0.23 16.64 5.09 0.45 4.34 0.00 0.03

0.92
5.14
5.79
4.29

2.a
3.89
2.60

3.36

3.00

0.00 0.00 0.17 30.40 8.30 0.50 2.20 0.00 0.00
0.21 19.14 0.29 X3.60 2.60 0.40 0.40 0.00 0.00
0.21 5.79 0.26 0.63 0.42 0.00 3.42 0.00 0.00
0.16 8.40 0.24 24.98 6.16 0.44 2.91 0.00 0.00

0.00
0.00
0.00

2.38
85.30
l3.80

0.10
0.22
O.l3

28.30 3.70
1.60 0.30
20.27 2.67

0.20 2.10 0.00 0.00
0.00 1.20 0.00 0.00
0.13 1.87 0.00 0.00

0.04 7.29 0.04 37.50 0.89 0.14 1.93 0.00 0.00

0.07 8.00 0.11 43.70 1.54 0.29 1.18 0.00 0.00
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JulylB3(2) 0 0 0 0 1 0 1 19 2 0 I!5 0 0
24g.2383 (2) 2 2 0 4 0 0 Is Ill14011
sEpls33(2) 1 0 1 2 1 3 lz 35 7 1 9 2 1
eLl983(2)3 0 2 5 llll
Nnr.m33(2) 4 0 0 4 3 0 23 lz

611611
0 3 0 0

I983Wal(lO)lO23l5645388~3  8 3 3 0

png.E84(4)2 2 0 4 2 5 16 53 ll 1 290 0
ml%4 (4) 2 3 45 0 9 1 1
EB4=(8)4 5

3 3: 2: 0
61: 2 1 3 8 1 0

zkq.l985(2) 1 0 0 1 0 2 14 I5 2 0 5 0 0

sEpl987(4)15 0 116 0 84 43 84 14 0 25 1 1
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(Npbam H3zk w KKI%F crr:IEQEsc3JF!ixJ

July 19Q3 (2) 0.00 0.00 0.00 0.00 0.50 0.00 0.50 9.50 1.00 0.00 7.50 0.00
Pig. x233 (2) 1.00 1.00 0.00 2.00 0.00 0.00 2.00 9.50 5.50 0.50 20.00 0.50
SEp. I583 (2) 0.50 0.00 0.50 1.00 0.50 1.50 7.00 7.50 3.50 0.50 4.50 0.10
cct. I983 (2) 1.50 0.00 1.00 2.50 0.50 0.50 5.50 2.50 3.00 0.50 8.00 0.50
Fm. I983 (2) 2.00 0.00 0.00 2.00 1.50 0.00 ll.50 5.00 2.00 0.00 1.50 0.00
Is3 Tual (10) 1.00 0.20 0.30 1.50 0.60 0.40 5.30 8.80 3.00 0.30 8.30 0.30

Aq l984 (4) 0.50 0.50 0.00 1.00 0.50 1.25 4.00 13.30 2.80 0.25 7.30 0.00
m. m34 (4) 0.50 0.75 0.75 2.00 0.00 1.50 11.25 0.75 1.00 0.00 2.25 0.25
EBJ 'Ibtal (8) 0.50 0.62 0.38 1.50 0.25 1.38 7.62 0.20 1.88 0.13 4.75 0.12

Ag. 1985 (2) 0.50 0.00 0.00 0.50 0.00 1.00 7.00 7.50 1.00 0.00 2.50 0.00

tsp. I987 (4) 3.75 0.00 0.25 4.00 0.00 21.00 lo.75 2l.00 3.50 0.00 6.25 0.25
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